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PREFACE 



The explanatory statement of the House-Senate Conference Committee related to the 
National Science Foundatioa Authorization Act of 1977 r^equired a repOTt on continuing 
education in'science and engineering including: 

a. recommendations for implementations in FY. 1978; . 

b. analysis of information on the employment and availability of scientific, en- 
gineering, and technical manpower; 

' c. an assessment of the extentto i^hich a federally-sugported continuing education 
program could alleviate unemployment and underemployment among scientists 
and engineers and lead to the greater application of their skills to the solution of 
problems the nation* is facing in areas of civilian science arid technology. 

The initial response, to this r^irement was the Interim Report; Continuing Educa-. 
, Hon in Science and Engineering wJ^ich was prepared by the' Directorate for Science 
Education of NSF and submitted to the Congress on February* 28, 1977. This report is 
ijicluded here as Appendu^^i^""^^*'^ 

Jo^oWing subntt^sibn of 'Ive^mm Report, discussions involving Congressional 
apd wSK^f members\*R.Ma^(?|w^ ouUined additional steps to' be taken to obtain 
mbreWo/ination ^d^e^d and Wine the program plan in the Interim Rejtort. This 
report^di'^d^ijs^s-^hat has been donQ^since the subjnission of the interim Report and 
^recorqs^tb^^ conclusions reached. 

^^P^^ prepared by staff members of the'Office of Program Integration and 
the Division of Science^ucation Development and Research of the Science Education 
Directorate. It is based on a review of the literature, input received from other NSF staff 
members, six papers commissioned by NSF, and input received from two public meet- 
ings. Part A provides a synthesized oVerview of the Science Education Directorate's 
perspective on continuing education in^ijeftce and engineering and includes a proposed 
program plan. Part B describes the process that Jed to this report. The Appendices- contain 
resource and reference material including the six commissioned papers. 

The National Science Foundation is grateful for the contributions of all the individu- 
als who are identified in various places in this report. The National Science Foundation is, 
tiowever, solely responsible for any errors, findings and inteipretations except as noted in 
the commissibned papers. , * \ 



^ CHRONOLOGY 

1. September, 1976. House^Senate Conference Report on NSF Authorizing Legislation 
for 1977 requiring a report on ^Continuing Education in Science and Engineenng." 

2. December 13, 1976. Meeting of experts at NSF offices (see Appendix G). 

3. February 28, 1977. Interim Report: Continuing Education in Science and Engineer- 
' ing" submined to the Congress (Appendix^G). 

4. April 1 , 1977. Meeting at NSF to identify topics and authors of commissioned papers, 
and, possible participaWin the August meeting (see Part B, 1 and 2). 

5. May, 1977. Six papers requested by NSF. 

'6. July, 1977. Siic papers received by NSF and distributed to meeting participants (Ap- 
pendices .A* through F). . 
7. August 5-6, 1977. Meeting at NSF (see Part B. 3.). 



Continuing Education in Science and'fengineerlng 

EXECUTIVE SUMMARY 



The Interim Report (Appendix G) provides an 
**analysis of information cm the employment and availa- 
bility of scientific, engineering, and technical man- 
power.'* the most striking thing to emerge from* this 
analysis is the dramatic and well-publicized.p'rbj)lem of 
'oversupply'^of Ph.D/s. kecent pfPjections made by the 
National , Science Foundation indicate that between 
375,000 and 400,000 science and engineering doctorates 
would be. availabfe to the U.S economy Jn 1985, com- 
pared to about 295,000 available positions in college and 
university teaching and nonacademic R&D employment 
that have traditionally made direct use of advanced edu- 
cation and researcb-skills provided by doctoral educa- 
tion. Lack of academic openings will have at least two 
results: It will be difficult for new Ph.D. holders to start 
ac^dpmijc careers and the average age of academic facul-. 
ties will increase. ... 

However, over the past decade unemployment rates 
for scientists and engineers have been significantly less 
than the rates for the total labor force. In particular, the 
^natijohal figure for Ph.D. unemployment across all fields 
js4ow only 1.2 percent and most analysts believe that 
few Ph.D.'s are likely to be unemployed in the future. 
This means that in 1985 about 90,000 science and en- 
gineering doctorate holdeiWre expected to be engaged in 
nonacademic and non-R&D employment. There are in- 
dications that **credentialling**— increasing educational 
prerequisites for jobs— is'occurring at all levels. Whetltftr 
the jobs themselves are changing in nature and content to 
be commensurate with the prerequisite training (enrich- 
ment)' or. whether underutilization of skills is the caseTs 
difficult to assess. 

• There^e two.poiar points of view regarding this situa- 
tion. Onfe point of view holds that the basic problem is so 
fundamental and complex that the best policy of (he Fed- 
eral Government is to let'theArpes^of the market prevail. 
A contrasting point of vid^pisserts that since the tight 
academic job market may D?cliscouraging or diverting' an 
entire^fineration of talented youth from scholarly pursuit 
the Federal Government must interven^to forestall nega- ' 
tive consequences/or the fpture intellectual condition of 
the nation.; In' any case, continuing education dbes not , 
appear to be effective in dealing with underemployn\ent 
or th^ e^ttis on acadenua of the * *freeze-out*' of young 



. talent. Strategies for opening up faculty positions for 
young people deserve investigation. 

Continuing educatipn is relevant to mainlining the 
'vitality and productivity of employed scientists and en- 
gineers.;it takes many forms ranging from infonn4l ac- 
tivities in the work place to formal , courses in univer^ 
sities. However, continuihg education alone does^ not 
\o\\^ the problem of maintaining professional vitality^n 
the individual and system level. Continuing education is 
' only one element in a complex of factors. In particular, 
the relevance and potential efficacy. of continuing educa- 
tion is influenced by organizational factoids such as job 
design, supervision^ colleague interaction, and reward 
'systems. ^ " . 

Continuing education is a widespread practice. There- 
is a. propensity. for individual scientists aAd engineers to 
. maintain or_upgrade their technical competence, and 
employers appear tX) invest significantiy in continuing 
education. A recent survey showed that over SlTpercent 
of a national sample\>f scientists and*engineers received 
nonformal training in, each of <he 'years 1972 through 
1975. These nonformal training activities were princi- 
^ pally **on^e-job training'* or **courses at employer's 
training facility." The prevalence of this type of training 
must be taken inie> consideration in formulating any fu- 
ture continuing education programs directed to scientists 
and engineers. B,ecause of the great variation in the na- 
ture and scope of continuing education* the investment in 
it is hard to measure, but one estimate is that business 
and^industry spend $17 billion annually on continuing 
education of all types. 

Our analysis shows that while continuing education is 
a substantial enterprise in terms of the investmei^t^nd * 
participation' of individual scientists and engineers and 
their employers, it is a highly fractionated, "uncoordi- 
nated set of operations in which industry, academia, the 
professional so<*ieties, and independent entrepreneurs 
pursue their own individual paths in response to what 
they perceive to be their own individual needs. A portion 
of the NSF program plan for FY-1978 is intended to be a 
. step toward providing a framework in. which 
• coordination of the various elements of continuing edu- 
'Cation in science and'engineering can be fostered. 



FART A: Background and Plan 



1. DEFINITION Of CONTJMUING E:DU- 
CATION IN SCIENCE AND ENGINEER- 
ING 

Education and training are important to professionals 
in staying up to date in their present and future careers ^ 
This is reflected in considerable investment by individu- - 
als and organizatiOas in "continuing education" (CE). It , 
is difficult to provide single; precise definition of ' 'con- 
tinuing education " It; this section we attempt to de- 
^scribe the term using criteria and oh aracteri sties. 

It is important to distinguish between technical educa- 
tion and business/management educatipn. For our pur- 
poses, the former deals with the substantive content of 
science and engineering It is this content that is the 
focus of CE as the term is'used in this report. 

CE is usually distinguished from initial educatiop. It is 
education that occurs or is taken after beginning full-time ' 
employment as a professional scientist or engineer. It ts 
also becoming increasingly common to distinguish CE 
from advanced education The latter refers to, say, what 
a scientist or engineer (employed or not) with a bac- 
calaureate degree might do to obtain an advanced degree. 
Advanced education is usually aimed at r^aising an indi- 
vidual's formal capabilities and perhaps prepare for in- 
creased responsibilities. CE, on the other hatid, is usu- 
ally addressed to such purposes as updating and diver- 
sification *for maintaining competency of a professional 
on his or her present job or develop competency in a new 
field but not necessarily on a higher level Katz (see 
Appendix E) lists 18 objectives which CEjmight address. 
^ Attempting to define CE in terms of learning also pre- 
sents difficulties. This is so because a ^reat deal of learn- ' 
ing occurs naturally on the job. As Kalz puts it: "Most 
scientists, engineers, and technicians learn anywhere be- 
tween zero to 100% or matt of what they need to know 
tQ keep doing what they are doing by doing it. " For our 
purposes CE refers to an activity that* supplements and 
further stimulates learijing On thfc job.*, 

Learning can also occur informally An example is an 
adult watchfng-^e Nova program on tdlevision. Al- * 
though the show certainly has a structure and the directpr 
may be using that stilicture to develop a set of learning 
goals, the vie^ler is n\i aware-of any goals. "He or she is 
l^ft simply to view thV show in an unstructured way, 
randomly assimilating whatever information seems in- ^ 
teresti'ng to him, or her Game playing by children may 
also produce (earning, but the child is usually interested 
in playing tho-game and whatever learning takes place is 
unintentional and non-goal directed. With, these 
considerations in mind,^ we consider CE as structured, 
goal orienled, and intentional and perceived as 'such by 
both teacher and student. 



^ A final consideration we -introduce in defining CE is 
duration. To include as CE a 15-minute briefing or a 
single two-hour seminar we regard as expanding the def- » 
^ inition too far to be useful. On the other hand, short 
courses and intensive workshops lasting a day or two 
may provide a significant increment of trailing. Accord- 
ingly, we believe that CE would include aji educational 
program of duration adequate to convey a significant * 
increment of training. * 

In summary, continuing education in science and en- 
gineering (or CE) is understood to be descrtbed as^nv , 
course or educatioijal program: 

• the substantive content of which deals 'with scien- 
tific and engineering knowledge; 

• taken by or intended for professional scientists and 
engineers after>kiitial employment as such; 

• that addfesses such purposes as updajing and diver- 
sification rather than advanced education; " ^ J I 

• that is structured, goal oriented, and intentional; - ' 

• that has duration adequate for a significant incre-^l^ 
mei^t of training. 

Whfl€ this-definition of CE is somewhat narrower than 
the popularly-held concept, it does encompass many 
forms and practices'. CE c%n be formal cour^ work taken 
at a university or at the employer's training faciliUes. It 
can be of the on the-job type, correspondence courses, or 
independent study, and includes what faculty* members 
usuallydo on sabbatical leaves. 



2. THE NEED FOR CONTINUING EDU- - 
CATION 

The need for continued education stems in part from ^ 
the nature of science itseif. Science is dynamic and 
cumuhative.*The growth of scientific knowledge and in^ 
formation is continually opening new lines pf investiga- 
tion, sometimes adjacent to existing lines and sometimes • 
farthdr cpmoved. Individual scientists and engineers must 
have the ability and the opportunity tp master new lines 
of investigation if they are to maintain their ihdividuafl 
productivity and contribute to the vitality and productiv- 
ity of the scientific enterprise. The problem of keeping 
up to date with the growth of knowledge has become 
complicated by the fact that the rate of knowledge 
growth is^ accelerating. 

At the system level, maintenance of vitality in knowl- 
edge production is greatly assisted by the inflow of 
young, newly trained talent. During most of the decade 
of flie i960's both supply and utilization of science and 
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engineenng talent were growing sharpl> I oward the end 
of the 1960V, we began to see signs of oversuppl> Data 
on oversupply of scientists and engineers are discussed m 
Appendix G It is clear that academic careers' for new 
Ph D holders will be difficult to obtain and that th^ 
inflow of newly trained talent into academe has slowed 
considerably. 

By contrast, shifts and adjustments can be made more 
easily in industry than in academe Petailed studies of 
personnel dynamics in industry and the problem of vital- 
ity on the sysf^m level are not available, but the problem 
is l?elieved to be influenced mainl> b> general economic' 
conditions When the econom> is vigorous and profits 
are up, there is increased hinng and increases in other 
activity in industry aimed at improving vjtalit> of scien 
tific and engineering personnel Conversel>, when the 
economy is sluggish or m recession the capacit) of indus- 
try to address vitality is' reduced It is not known whether 
there is a slowdown m the inflow of new talent into 
industry similar to that in academe and what the con- 
sequence might be for the vitality of the scientific and 
engineering entexprise at the system level. However, 
some observers believe that because the economy has not 
been notably vigorous for the last fi.ve. years or so, there 
has been 'an erosion in the flow of newl> trained talent 
into industry. • 

The ability of professionals to maintain effective per- 
formance appears to be related to aging as well as to 
knowledge growth The Ihterim Report (Appendix G) 
cited findings that individual performance among techni- 
calij; trained personnel peaks at an earl^ age and declines 
steadily thereafter While the general phenomenon is not 
*rfew (add of course does not affect everyone), the age at 
which this is happening is falling Data were also cited 
indicating -that tJie average age 6f the stpck of human 
resources in scienpe and engineering is increasing. This 
appears to be ^ potentially acute phenomenon in academe 
and may be so (although perhaps less acute) in industry 

A sigiiificant new insight rjslative to the maintenance 
of professional uitality concerns the importance of the 
work environment This wa$ mentioned in the Interim 
Report and emerges as a theme implicitly or explicitly in 
all six of the commissioned papers (A^ppendices A 
through F), Important elements of the work envirohipent 
include job design, supervision, colleague interaction, 
and reward systems A job that is challenging stimulates* 
vitality and encourages learnmg that occurs naturally by 
doing the job Conversely, dull jobs can have the oppo- 
site effect, leadership provided by managers \^ one of 
the most important influences on the behavior of,profes- 
sionals and therefore, has a significant impact on indi- 
*vidual performance and productivity Opportunities for 
peers to interact also promote learning wj^ the opposite 
effect occurring from isolation Similal^ reward sys- 
tems in organizations can either encourage or discourage 
leamirtg an^ the maintenance of professional vitality 
The effects of the work environment are^distusse^^exten 
siyely in the Dubin paper (Appendix C) 



In addition to the torcgoipg conditions which influ- 
ence the vitalit> and productivity of both academic' and 
n()n-academic' scientists and engineers, there are special 
conditions in colleges und universities which create in- 
terest in faculty development In addition to the slow- 
down in mobilit>, Bergquist (Appendix A) mentions 
tiiree.' First, students are becoming increasingly^ 
heterogeneous.^, The> now come from lower socio- 
econbmiC classes, from an older age group, and from 
differeint racial and ethnic backgrounds. PacHilty must 
respond to this heterogeneity with a more diverse and 
flexible set of instructional goals and strategies. Second, 
colleges and universities xan no longer operatq injsola*.^ 
tion An increased sense of accountability leads to keener 
evaluation of perforpiance. If facult> are to be evaluated 
then they must also be given an opportunity to improve 

" performaTice in areas of deficienc> Third, as traditional 
enrollments drop off, colleges and universities are seek- 
ing to attract new audiences. This usually requires 
changes in programs and educational structures which in 
turn creates^ need for faculty members to accommodate 
these changes. ^ * ^ 

*tJp to this point, we have argued that the neecf for 
continuing education stems from knowledge grovvth and 
is complicated by demographic (e.g., aging), supply- 

* demand, and personnel mobility factors. We have also 
pomted out that the relevance and-potential efficacy of. 
continuing education is addressed to the problem of 
maintaining professional vitality on the individual and 
system level, but is only one element in a complex of 
factors. The six commissioned papers shed some light on 
some of th|e other .^lements involved and.their relation to 
continuing education. In the remainder of this section we 
consider some more specific problems associated wi^ 
continuing education as such. 

^^Several of the papers implicitly and explicitly argue 
that the content of continuing education programs must 
vary with the specific purpose being served. Assisting 
scientists and engineers in keeping current, providing 
them with new skills needed in their present job, assist- 
ing them in making' a significant career shift, oj>ad^res- 
sing what^appear to be special problems for engintos at 
mid-career each requires a different approach. Katz (Ap- 
pendix E) specifically addresses the problem of differing 
audiences while Biedenbach (Af)pendix B) discusses the 
potential and limitations of various delivery modes. 

' These elements — consent, audiences, and delivery 
mode — are key aspects of any planning framework for 
continuing education. 

However, a special issue arisirtg from the inquiry con- 
ducted over the last several months has to do with rela- 
tions between academe and industry. It is believed that 
'the spectacular growth in the decade of the I960*s of the 
utilization of scientists and engineers within academe 

, and the concomitant growth in supply of academics 
skewed the initial training provided these professionals. 
That IS, the initial trailing is oriented more towai;d future 
academic work than it is t6ward work in industry or other 



iiun-dcauemK sellings iviorcover, non-academic scien- 
tists and engineers (who comprise about haif of ail scien- 
tists and engineers) make up a significant audience for 
the coptinuing education offered by colleges and uni\er- 
. sjties Again, the academic orientation of the facuUy 
teaching m continuing education programs offeredlby 
colleges ^nd universities may be insufficiently sensitive 
to the needs of industrially employed scientists and en- 
gineers. 

In industry, few companies are large enough to main- 
tain their own in-ho^se facilities and resources for con- 
tinuing education. F^cilitie3 a^rdn-esources of colleges 
and universities can potentially be brought to bear on the 
problems of such companies Hazzard's paper (Appen- 
dix D) discusses the problem of the academic-industnal 
interface and this emerge^; as an issue deserving special 
attention. ^ 

> In summary, the maintenance of the quality" of the 
sWk of human resources in science and engineering is 
th^ basic problem to which continuing education rs re- 
levant This problem anscs from knowledge growth and 
is mtensified by organizational, demographic, and 
supply-demand factors Planning for continuing educa- 
tion should keep in mind the aforementioned factors ih 
addressjitg issues involving content audiences, and de- 
livery modes The academic-industrial interface^emerges 
as a key issue in considering continuing^ education Fi- 

• nally. it is worth noting that the .Kaufman paper (Appen- 
dix F) highlights how little is known abou^the utility and 

^effectiveness of continuing education 

I 

3. REASONS FOR HEIGHTEnIeD IN- 
TEREST IN CONTINUING EDUCATION 

One of the* key recommendations emerging from the 
August 5-6. 1977 meeting was based on the riroposal of 
Lindon Saline of the General Electric Company for es- 
tablishing a Commission on Corftinuing Education in 
Science and Engineering (Appendix I) Salin'elcited sev- 
eral indications why establishment 9f such a cdmmission 
IS timely and these provide some of the reasons offered 
here, along 'with others as to why there is heightened 
fnterest in continuing education in science and engineer- 
' ing today. * j 

\JSocietal values and pnonties are m6vimg slowly but 

V surely toward realization of lifelong learning One piece 
of evidence for this is the genial growth of adult educa- 
tion (the percentage of the population participating ig 
■^dult education activities^ has* almost doubled since 
1957) These values and priorities are reflected in legisla- 
tive activity as is exemplified m the Mondale bill on 
lifelong learning and the interest gf Senator Kennedy in 
continuing education for scientists and engineer.s 

There is high interest and growing support of continu- * 
ing education fronr) employers Continuing education is 
such a large and fragmented enterpnse that hard, differ- 
^entiated data are almost impossible to obtain-, bujifere is 



virtually unanimous agreement among interested obser- 
vers that the investment is large and is increasing. Some 
data are cited in the Interim Report (Appendix G). 

Professional organizations, universities, entrepre- 
neurs, government organizations, private corporations 
and other such purveyors are trying to. serve continuing 
ejiucation needs. This appears to be related to the factors 
discussed in the preceding section regarding the accelera- 
tion rate of growth ,of new knowledge and the slowdown 
of the' inflow of new talent. This latter factor would 
appear to shift attention to the talent already in science 
and engineering, 

Some states require continuing education for re- 
licensing of professionals such as physicians, veterinar- 
ians, and pharmacists. For the moment, this trend ap-* 
pear^ to focus on professionals having direct one-to-one 
contact with the public and so has not greatly affected 
other scientists and engineers who typically work within 
organizations and do not have direct public contacts. 
•However, as issues involving energy and the environ- 
ment affect such things as housing design and space con- 
ditioning systems one caiiyexpect increased public con- 
tacts by scientists ^and engineers. Generally speaking, 
i.s«^es of public polfcy mor^and rtiore have scientific and 
technical components which will; also increase interac- 
tions between the public and scientists and engineers. 
One can speculate that as this is happening, licensing and 
re-licensmg will expand to cover more and more profes- 
sionals as will legal requirements for continuing educa- 
tion of more professionals. 

« 

4. PROGRAM PI.AN 

We begin this section with a general description of our 
program plan for FY 1978 which essentially reproduces 
the plan presented in the Interim Report (Appendix G). 
This IS followed by a discussion of exter^ions to the 
•basic plan that have been developed since the Interim, 
Report was prepared. The latter discussion has three 
components, (a) research and development activities; (b) j 
mid-range plans (through FY 1980); and (c) management 
and planning activity. 

Program for FY 1978 

The program plan and budget fof continuing'^educatipn is 
shown in the following fable indicating a total of 
$5,767,000 for FY 1978 for continuing education of all 
types. There is an additional $6,000,000 in the FY 1978 
budget for Pre-College Teacher Development. This pro- 
gram is designed for contjnuing education of elementary 
and secondary schoolteachers. 

The College Bncmty Short Courses are intended to 
provide a forum m which scholars at the frontiers of 
various discipline^ communicate recent advances in their 
fields directly to co^ege teachers of science. The primary 
aim IS to enable college-teacher participants to keep their 
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teaching up to date ^d relevant. Courses operate in hf*- 
teen regional centers^ In e^ch short course, the course 
director meets with the college-teacher participants for a 
total of four days— two days in the fall and two in . 
spring. NSF funcls support the instructional costs and 
expenses of participants for lodging while attending 
courses. Participants or thejr employers are expected to 
pay the costs of travel and nrjeals (except that some travel 
assistance is provided for participants' who are more than 
300 miles from any of tHc 15 field centers). The FY 1978 
funds would permit 40 short courses for approximately 
3,500 college teachers during the academic >ear 1978- 

79. * ^ . ^ 

The Science Faculty Professional Development pro- 
gram IS designed to help experienced college teachers 
increase their competence in science by enabling them to 
spend up to a year at advanced study or research in either 
an academic institution or an industrial or non-profit 
laboratory. Approximately half the funds available to the 
program are us^d to support applications for affiliation 
with non-academic institutions. Funds ayailable to \he 
program in FY 1978 will support approximately 130 col- 
lege science teachers. ^ I 
. Tfie programs discussed so far ar4 designed to provide 
individual scientists and engineers ^ith services to pre- 
vent obsolescence. Some of our institutional supporf 
"programs, in addition, contain continuing education 
elements. Experience with the CAUSp program shows 
that some of the funds are used for i evjtalieation of the 
existing faculty. We estimate th^t apj roximately 10 per- 
cent of the funds available in the program are' used for 
this purpose. ^ , 

Research and Development Activit / : 

We turn now to activities related t( the matter of con- 
tinuing educa)ion for scientists and engineers in non- 
, academic ertploynfieht. In the past, «iSF-activity in this 
^^ea has beeV largely oriented towar* trying out alterna- 
' live* delivery systems, with some effcrts in the develop- 
ment of teaching/learning material! pirect bpport of 
the jctual delivery of instruction t| non-academic per- 
sonnel, or, direct support of indivicAals employed in in- 
dustry to engage in continuing education programs, has 
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riot been a part*of SE Directorate activity, and we do not 
believe^^that it should. It has become clear, however, 
that though it is an^area in which many millions of dottars 
are invested annually (one estimate is $17 billion for all 
of CE; what fraction of that is fqr scientists and en- 
gineers, and what fraction of that is m science and en- 
gineering, is unknown), the entire enteiprise is a highly 
fractionated, uncoordinated set of operations in which 
industry, academia, the professional ^societies, and the 
independent entrepreneurs pursue their own individual 
paths in response to what th/sy perceive to be their own 
individual needs. It^.must be recognized that the int^- 
relatedness of all of these educational activities calls for a 
kind of coherence not obtainable through the individual 
efforts of any one of the elements of the Continuing edu-^ 

yC^Gfllconwlex. The research and development program' 
for FY 1978 is intended to be a step toward providing a 
framework in whjch coordination of the various elements 
of the system «an be fostered. Specifically, we plan to 
implement two of the majpr recommendations of the 
expert panels regarding continuing education in the 
non-academic area in FY 1978. These are: (a) The sup- 
port orSfU&lES leading to greater understanding and 
knowledge of CE as' it now operates, and (b) 
CONFERENCE/WORKSHOP support, as a mechanism 
for developing better relations hips | pd rapport, and 
perhaps mutually beneficial* coopfc-ative projects, be- 
tween working-level 'engineers and^ scientists employed 
by industrial and academic institutions. In Edition, the 

. door will be open to proposals covering proposer- 
generated EXPERIMENTAL/PROTOTYPE activities not 
falling , into either ^f the **studies'' or **conference/ 
workshop** categories. 

The three types ^of support indicated above are de- 
scribed in more detaiTntthe Proposal Solicitation. Con- 
tinuing Education for Engineers and Scientists,, SE 
J8-58. 

Mid-Range Plans . . * ^ 

* The research and development activity planned for FY 
1978 should be seen as the initial steps in a continuing 
program. In order for .tlji;5 activity to have maximum 
utility: (a) in relation to NSF's decisions concerning its 
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rq^e in continuing education m the x^ars beyond FY 
1979, and (b) for the c-ontmuing cducatioivcommbnity, it 
will ,be necessary tq synthesize a^id integrate what is 
learned from studies and the regional academic-industrial 
workshops Accordingly, the proposed goal for fY 1980 
is the development or a dociAnented, comprehensive 
overview of the then current state of continuing educa- 
tion, for non-academic scientists and engined%^ Such a 
compendium would inc^ud^ results of the studiestom- 
pleted at that tim|,'a set of descriptions of continuing 

'education-activities of active deliverers. The latter would 
be case studTes co>ienng 5 or 6 of the major, judged-to- 
be-effective, |ndu*strial deliverers (IBM, Bell Labs, GE, 
etc ) and a hke ijuijjber of college/university, profes-* 
sionaUociety, and entrepreneurial continuing education 
purveyors Having such information will facilitate NSF 

•programming and field response. 

In addition, steps should be taken to reexamine pro- 
gramming in continuing education for academic scien; 
tists and engineers This reexamination should be done in 
the light of needs and emerging practices in faculty, de- 
velopment This reexamination would also be relevant to 
the steps taken in FY 1978 to establish meaningful 
" coordination between academic aftd non-academic con- 
tinuing education activities. 

Management and Planning 'Activity 

Implementation of the FY 1978 and mid-range plans 
will require in-depth njonitoring and external-advice.' 



Accordmgly, a program manager for t^ontinuing educa* 
tion will be designated and the Advisory Committee loi^ 
Science Education will provide for the external advice^ 
The program manager will be responsible for managing 
the studies, workshops, and experimental activities as 
•described in the research and development plan for FY 
- 1^78. In addition', the program manager will^be respon- 
sible for implementing the mid-range plan and for coor- 
dination bf the internal staff review of continuing educa- 
tion for academic scientiats and engineers. • 

The strongest singjeVecommendatiorf emerging from 
the August, 1977 meeting (see Part B . 3 of this report) is 
for jthe establishment of a Commisrfon on Continuing 
Education. This is a complex recommendation which 
needs to be studied carefully (in terms of its charter, its 

^ makeup>4and its funding) before'a decision is feached. 
An essential initial step is strengthening, the continuing 
education expertise of the standing Advisory Committee 

^ for Science Education. and asking it to address this tppic. 
The FY 1978 program budget for continuing education- 
is approximately S6,000,(X)0, m^st orwhi\:h is 'for fa- 
culty development. No significant budget increases are 
projected at this* time because no ma|or increase in 
service delivery activity or subsidies for individuals ap^ 
pears to be warranted at this lime. Rather, this plan fo- 

^cuses on fostering coordination and integration of a large 
and fragmented enterprise. Future budgets will be based 
on demonstrated needs'in relation to the appropriate NSF 
role. 
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1 . FIRST PHASE: THE INTEkiM » 
REPORT 

r ^The explanatory statement of the House-Senate Con- 
ference Committee related to the National Science Foun- 
dation Authonz^ion Act of 1977 required a report on 
continuing education including:*' 

> a recommendation for implementation in FY 1978. 

I b. analysis of information on the employment and 
• . availability of scientific engineering, and technical 
manpower. ^ 

c an assessment of the extfnt to which a federally- 
supported continuing education program could al^ 
Icviate unemployment and urfderemployment •* 
among scientists and engineers and lead to the 
' greater application of their skills to the solution uf 
problems the nation is facing in areas, or civihan 
^ science and technology 

* The effort to respond to this requirement eventually ^ 
became the joint responsibility of the Office of Program 
Integration andahe Division of Science\Educatipn Pe- 
vqlopment alt^^KKearch of the Science Education Direc- . 
torate of NSF. ThiH report was prepared by staff mem- 
bers of these two units. 

vThe^first major milestone of this effort was a meeting 
of experts at NSF oa December 13. 1976. Tljere fol- 
lowed staff analysis of the situation which led to the ^ 
Interim keport which was^ delivered to the Congress? on 
February 28, 1977 ^list of participants jn the December 
meeting and a report of th^^ outcome areVontained in the 
Interim Report which is attached as Appendix G 

2. SECONI^HA&E: tMSj^felONED - 

PAjPERS AND AUGfeT)||EETj^ 

Discussions involving Cohgrossional and NSF staff 
members Jed to additional plans /or commissioijing' ^ 
papers by experts and conveiii.ng a second larger meet- 
ing. 



possible participants for a meeting. A rather long list was 
generated^ from which J4SF 'staff members eventually 
drew up the list of those who attended.the meeting which, 
was held August 5-6, 1977 in Wgshington^ D.C. 

Frotn the beginning of this effort last Fall, N$F staff • 
members thought that the continuing education problem 
had two niajor compdnents:^ one dealing with scientists 
and engineers employed in academic institutions and the 
othir dealiilg with ^ those employed by non-academic 
(primarily industrial) organizations. Because the Science 
Education Directorate ha,s had j^xtensive experience over 
the years with^ cojitinuijig education programs for 
acadetnicaHy^ employed scientists" and engineers, but re- 
latively liitle expen^pce on the non-academic side,* par- 
ticipant selection was weighted toward the^ latter. No 
claim is made that all the answers ore available on the 
academic side, in fact, this is a significant problem area 
requiring fyrther study.. However, our need for assistance 
on the ngn-academic side was more acute under the cir- 
circumstances Because the non-academic side is dom'^ ^ 
nated by concerns for engineers and engineering, this 
consideration wa5 given weight ih participant selection. 
Beyond the emphasis^on non-academic employment ^nd' 
engineering, balance wasvsought in expertise; points of 
View, and geography. However., no claiijHs made that all • 
interests and points of view were represented. Given the 
need to limit the group to a*manageable size and the* 
problem of operating within a severe lime constraint, 
some necessary compromises were made. Additionally', 
this report is by no^means presented' as the definitive 
statement on continuing educatioif in science* and en- 
gineering. InJfcd, one of the overwhelming conclusions 
is that the-^l^oDlem is so^ complex that a great' deaftnorft ' 
study over a relatively long period of time is called' for. " 

The me.eting wa^ held on August 5-6, 1977 in NSF's" 
offices m WaslWlgton, D.C. Appendix H contains* tffe 
list df participants'and the agenda. The* next sectipn/re-' 
ports the outcomes of the meeting. 



X REPORT J^lpTHE AUGUST MEETIN& 



On April 1 , 1977., MSF staff members met with. ^ 

V" ^ . \ ' ^ On August 5-6, 1977 18 experts' met at the NSFcof- 

Dr Samuels Dubih, The Ppnn^<ylvania Stat^ Uniyer- fices in Washington, D.C. w^th members of the SciencSg ^ 

' * Education Directorate's staff. The meeting was open »^ 

the public and about six> obseA^ers attended. The purpose , 
of the meeting, the agei)da<:and a list of participants 
appe^in Appendix H: The jneeting comprised three 
half-day sessions. The Tirst sessions reviewed th6 six. 
cojrimissionpd papers (Appendices A-F), the fecond was 
oriented to the identification of problertis. requiring study 
or action, and*th^ thir^ to recommendations for possible 
NSp program responses. Jhis section reports ea^-ses- 



^ Dr. Moms E. Nicholson. Jr. , University of Minnesota 
Dr Moses Passer, American Chemical Society 
Dr. Howard Shelton, Sandia Laboratories * 



The purpose of the meeting was to discuss possible top- 
ics and authors for commissioned paper^s The papers that 
resulted are attached as Appendices A through F. 
A second purpose of the April. meetin'g was to discuss 

' ■ a: ' ■ / • 



, sio'h in turn. 
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The fotto'^ing individual reports constitute The Friday Morning Session 



Some Currently Used Mechanisms and Delivery 
Modes for Non-Academic Personnel 

Joseph M. Biedenbach 

Biedenbach, in reviewing the highhghts of this paper, 
made the following points The use of media, 
technojogies in continuing education for scientists and 
engineers, after 10 years of neglect or opposition, is now • 
just beginning to take off Colleges and universities are 
broadening the scope of their activities to provide more 
Services to the region m which they are located, and 
professional societies are providing increased services to 
their ftiembers Thouglv they don't say it, academic and 
the professional societies view themselves as competi- 
tive, when the real needls for greater cooperation Jn the ^ 
mekntinrie, it is industry that has really begun to move 
'Uhead^^n the us'e of multimedia programs in promoting 
the educatioFf.fif4<ieir eniployees Fopihe ftrxt 10 years, 
video-tap^ will be the major veliicie used in contihuing 
education for scientists anfl.^ngineers 

The greatest Voblewi will be that of logistic*, largely 
because of the need for "up front" money — i e , funds 
to develop the necessary^cours'e materials The second 
major problem w'ili bs\elling the idea to the i,nd us trial , 
personnel manager, 'for whom the continuing education 
of tlje company *s engineenng ai/d SiCientifi(^ersonnel is 
of secondary concern Currently the most successful 
media-based continuing education programs are those in 
nliartagement practices and other business 
admini strati ot) -oriented topics, for topics in science or 
engineering, there is, at^the present time, less,^ though 
growing, demand ' 

Disclissian developed 'on several of Bie^ienbach's 
points. , ' * 

(I) The level" o( continuing education science and 
engineerings courses required to meet industrial needs is 
lower tha/most people wril admit* Biedenbach men- 
tioned undergraduate review in science and mathe- 
matics^ g , statistic^, quality control, differential equa- 
tionsneven welding-as sarnpt^TDf-ttle level of maienals 
needed. The value of investing in the production of tele- 
vision tapes on topics readily available in textbooks was 
(|uestioned-it might be better to use 'the limited funds 
'available for the production of material not so easily 
available. It was suggested that the greatest market is for. 
(basic) materials that pay attention to job relevant appli- 
cations. ^ s ' 

There was agreement with Biedenbach that industrial 
programs jtend more»tow^ard courses arfd matenals deal- 
ing with management skills, less on science and/pj:. en- 
gineering subject matter, but at least qne^ci>meree 
disagreed strongly on the question of educational level of 
the m^rials. B6th at this st^ge and at other times 
throughout the meeting, he strongly advocated greater 
attention to maierialSNai the, "cutting-edge" of science 
and engineering research and developgieni, insisting that 



it is individuals forking in that area that are mosfin^heed 
of the help that properl^'designed CE programs can pro- 
vide. This argument elicited relatively little support, 
since,^ It was argued, these are the people. who h^e less 
need for outside help, not only do they have greater 
capability as "self-starters," but they function in a set- 
ting that provides greatej opportunity for self-education. 
Clearly, .whether "cutting edge,** basic review^ or other 
kinds of. teaching raatenals are needed depends markedly 

• on the nature of the employing organizations. 

• (2) Mode of presentation. Not everyone agreed that 
videotape will be the major technological mediun\for the. 
next 10 y^ars, the potential of audiotapes and videodiscs 
iSi not to be^ Ignored. The opinion was expressed mat, 
unless "motion" is^ involved or essential, videotape may 
provide, no advantage over slide-tape present^^tions. 

^ Another conferee turned aiteniioh to a basic quesbon — 
thai of tape or film vs a live instructor — and pointed to 
the increased value of accompanying any multimedia 
presentation by a' local Uve tutor, especially when the 
tutor is someone thoroughly familiar with the business of 

' the learner'.s employer- and is reasonably competent in 
the subject, ^though he need not be a "name" authority. 
He cited experience derived from presentation of courses ^ 
in chemistry and related topics developed and presen(e?h- 
under the education program of the American Chemicjil * 
Society. Attention was ^also called to the^quesiion of 
cost-effectiveness, what an employer is willing to pay for 
an * 'lostructional unit'* depends on tht number of 
employees to whom that unit will be useful and, even 
mor^ ifnportant, on the significance 6f the unit to the 
economic 'success of the organization. ^ 

It was also pointed out that, in general, media-based 
instruction is hot likely to become economically feasible 
in the absence of a national distribution mechanism. 

{3)Sriiall*and/or dispersed industry.* Attention was di- 
rected toward the '*lbndy employee.'' Manj, if not 
most, of the larger firms can handle their own CE prob- 
lems; there is, however, the need to think about scientists 
and engineers employed by smaller companies, or in the 
many compani^ distnbut^ over the country in locations 
re^lote from major urban centers where educational 
facilities are readily available. Panel agreed that this is a 
jT^ajor problem requiring attention. 

The Updating Process 

Samuel S. Dubin ' * 

The matter of keeping up to date is a far more complex 
process than "taking a course,*' "reading a book,*' or 
- participating in "multi-media" presentations of "subject 
^matter.'; Of at least equal importance's a whole set of 
psychological concerns — personal attitudes, ibotivation, 
etc. — and the atmosphere — especially the maijagement 
practices — of the employing organization. 

It is essential, therefore, that anV serious attempt to 
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maintain a vital, competent, up-to-date, corps of scien- 
tists and engineers take cognizance of a whole set of 
.<Jiqrtients, l?eyond mere * 'subject matter'* competence, 
that affect the productivity of the employed scientist or 
engineer. 

First, there is need to understand the motivations^ of 
individuals, and to recognize their dependence on factors 
sUch as age, organizational jstatus, responsibilities, etc. 
Second, there i^ need to understand the influence of the 
(M'ganizational climate, and the ways in which it may 
Stimulate excellence — or lead to disinterest ^nd bore- 
dom. There is need to understand the influence of com- 
''pany policy (and its system of rewards in the fprm of 
pay; status, and increased responsibility), of the nature 
of job assignments (are they routine or challenging, or 
how, can they \St made more challenging), of the oppor- 
tunities for interaction with colleagues, and of manage- 
ment philosophy (is it supportive of an employees* aspi 
rations toward further le^ing» or is that the employee's 
problem?). And there is need for the technical or inter- 
mediate level supervisor to understand that, order to 
get his Job done in furtherance of company objectives, he 
has to be a **pcop\c developer The organizational cli- 
mate, the challeng^ of the job, the role of the supervisor, 
interactions with peers, and management policies are all 
part of the work environmerit. 

Discussion of E>ubin*s remarks indicated lack of 
unanimity amon^the participants not only on the ques- 
tion of the proper role of NSF in the area of continuing 
education in science and engineering for scientists and 
engineers, but also on the question of the breadth of the 
federal roie. Mention was made of the IBM-San Jose 
program^ in which much attention is pkid to activities 
focused on personal vitality, lifestylt, qtc This is in 
contrast to the views of another participant who urges 
that federally-supported CE programs focus on the ques- 
tion of \yhat knowledge — substantive knowledge in the 
employee's occupational field — is needed, and on ways 
to get this knowledge into an academic program — or to 
provide it via post-academic (continuing education) pro- 
grams. NSF was urged to clarify its proposed r61e in con- 
tinuing education, particularly in relation to industrial 
programs and industrial employees. It was suggested that 
of greater importance than an NSF attdmpt to survey 
**knowledge needs*' would be support of research or' 
studies that would attempt ^o improve the precision of the 
processes by which organizations, inciudiing .institutions 
o£ higher education, assess the needs of their engineers 
and scientists. 

Several participants emphasized the importance of 
motivation to learn, and the need to develop this traft 
early in the educational process. 

The Academic-Industrial Interface 

George W. Hazzard 

Hazzard's comments on his paper were: 

If scientists and engineers are to perform adequately. 



in academic or non-academic careers, undergraduate 
^ education must be concerned with stiniulating the student 
|||to a self-motivating mode; and must provide insights 
into, the operations of both the academic worid and the 
real world outside of academe. Close cooperatioj) be- 
tween mdustnal and academic institutions is of the high- 
est' importance, and pays off. Hazzard strongly recom- 
mended increased experimentation with cooperative 
rndustrial/acaijemic programs-^^iot massive, large-s^ale, 
national programs, but smaller, local or regibrial, 
cooperative efforts. He stressed also the need for a 
J mixed^not a single,^strategy. Hazzard's paper evoked a 
wide variety of responses, almost all supportive of his 
thesis, Although one or two called attention to the prob- 
lem of getting institutions to^work together, most of the 
comments dealt with ways to develop better rapport be- 
tw;^2>*u:ollege and industry, the advantages (on both 
sides) q£ small- or dispersed-industry involvement, and 
the vmpact such learning situations or instructional 
modes might hav^ on ifndergraduate science^ and en- 
gineering programs, both in making instruction relevant 
to real life, and in the development of life-l5^ng learning 
habits. A goal of,undergraduate education (indeed, of all 
education) should be helping students learn how to ieam. 

What are the implications for continuing education? 
One, dearly« is that if students, as undergraduates, really 
. learned how to learn — if they were really stimulated into 
a self-motivating mode — future demands on a formal 
continuing .education systfem nught be remarkably^re- 
ducedf But unless (or until) this goal is attained by a "wide 
. variety of undergraduate institutions, the need for con- 
tinuing education programs remains — both continuing 
education for non7academic personnel, and continuing 
education (perhaps in some cases, reeducation) for 
academic faculties. 

One of the participaiits bjoughtjnto fpcus the need for 
greater attention toxontinuing education for teachers of 
science anc^ engineering with the following cpmmerit: An 
important aspect of continuing pck^cation in the under- 
graduate arena involves J^eeping professors updated on 
the industrial and technological ramifications of tl^eir 
discipline. The. professor cannot achieve what Hazzard 
proposes until he has an understanding of the academic/ 
industrial interface and the techniques for its penetration, 
One of the mqst important of which is the actual 
knowledge — both scientific and technological — utilized 
by industry. ^ ' 

Non*Academic Audiences for Continuing Education'^ 
in Science and Engineering * ' >. 

Israel Katz 

Whereas there- seems to be general ^refement that, 
among academically employed scientists and engineers, 
' those in major research^oriented institutions have less 
need for formally organized continuing education pro- 
grams (ban do those m\the less research-oriented (more 
teaching-oriented) institutions; it is, in katz' view, the 
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principal contnbutors to scientific and technical advance ^ 
employed ^ high technology industry who, among in- 
dustrial employees, ^aye the greatest need for access to 
such programs. And with 20% of new knowledge being 
developed in academic institutions while 809c is* 

^ produced in non-academic settings, it is the latter that is 
the locus of a 'major part of the knowledge jhat should, 
by some means, be transmitted-to others already in sci- 
ence aQd ehgineertng careers ,*or being prepared to enter 
those careers. < 

Unfortunately;, few CE offerings of aca(Jemic institu- 
tions are matched to the new knowledge needs of CE 
participants, most, across the nation, are watered-down 

'•^graduate courses offered on a non-credit basis It is to 
this inadecjuate service to CE audiences that much of the ^ 
non-participation in CE activities can be attributed B)'^ 
far the best courses offered, primarily at low^r 
technological levels, are parts of compan> -conducted 
in-plant programs Xor employees. 
» 'Bbere is, however, an important role for colleges and 
universities, in the harvesting and organizing of new 
knowledge, and in*providing, on "neutral ground," a 
meeting place for industnall> emplo>ed sciei^tists and 
engineers and faculty members who participate as re- 
source persons or as students The value of these inter- 
changes between facult;^ and industry personnel, cannot 
be over-estimated One of its major consequences is the 
breaking down of the wall between CE staff and the 
regular teaching faculty — And the effect this breakdown 
can have in introducing more relevance into the normal 
teachings programs." 

Katz made one ilpference to programs aimed at reedu- 
cation or reorientation of unemployed scientists and en- 
gineers: **You can't educate the unemployed without a 
visible job at the end of the road." 
V Follow-up discussion by partidpaots was limited but 
supportive Attention was called to the linkage between 
this* paper and Hazzard's discussion of the Academic/ 
Industrial Int.erface, and the great need to promote a 
tightening of the interaction between academia and in- 
dustry The well-known practice^ in** the me?dical educa- 
tion area of the use of **adjunqt" faculty wa^ mentioned 
as a possible means of getting knowledgeable industrial 
scientists ai\dengineers more directly involved in *'regu- 

. lar" as well as * ^continuing ' ' education programs of col- 
leges and universities. 

It was pointed out,*however, that the use of adjunct 
faculty is useful only if they are part of a carefully inte- 
grated program with distinct pedagogic objectives. Ran- 
dom tAlks by^ a series of industnal visitors may be in- 
teresting but of little value in providing the student with 
the overvieNv he needs of industnal science and technoU . 
ogy- . ' ^ " * 

Factors Affecting the Relationships Between 
Continuing Education and Performance 

H. G. Kaufman 

Kaufman's thesis was that whjle pnvate industry has 



allocated substantial resources to continuing education, 
few attempts have been made to assess adequately the 
value of continuing education either to the individual or 
to the employing company While ^some academically- 
based research in continuing education in industry has 
led to tentative indications about what a particular level' 
or mode of presentation does -for a particular level of 
participant under what conditions, there is, in fact, rela- ^ 
tively little state-of-the-art knowledge about ho^w to pro- 
ceed with a dependable evaluation of the effectiveness of 
continuing education operations. ' * 

Perhaps most clearly^stabHshed are the conclusions 
that the more competent engineers and scientists tend to 
enroll in urtiversity-sponsored courses, whereas the less 
Competent turn to company -sponsoretTin-house courses. 
Graduate courses appear to result in improved' per; 

Jormance^ primanjy in R & D environments b^t no clear 
cut results of iH-house courses have been demonstrated 

' 'When employees are given leave to devote full time for 
an extended penod of studies, they are quite likely to 
experience major frustrations l)ecause of reentry 
problems — the employee's "spot" in the organization's 
network has changed or newly acquire(J knowledge is not 
used in the new assignment. 

y\dditional discussion focussed on what is probably a 
major causcof the uncertain results of evaluations — the 
fact that {heJ>hetho<lology,>CQteria and instruments used 
ih evaliiSfcjis are inadequate to the task- the greatest 
need at present is carrying out an adequate assessment of 
continuing education. ThiT^would require research de- 
signs using longitudinal studies and the development of ♦ 
instruments of evaluation based on cnteria that consider 
the viewpoints of all parties concerned, the individual, 
the employer, and the purveyor. 

Faculty Development in the Sciences and Engineering ^ 

William H. Bergquist et al. 

Institutional recognition that it is responsible, at least 
m part, for continued development of faculty members is 
not new— witness: the age-old Sabbatical leave programs 
which, though increasingly ineffective, still persist — at 
least *'on the books"— in many institutions. Very re- 
cently, however, a new brand of faculty development has 
come into being, and is currently the object of the largest 
investment of all activities vicw^ed as "educational inno- 
vation." * 

The reasons are^many: student bodies are more 
heterogeneous, and^on the average older, and more 
oriented toward job relevance; there is more concern for 
institutional accountabilityr'^^ollbge constituencies are 
drawn from a wider area, and competition for students 
has increased — and with all of these demands for reorien- 
tation, redirection, and chartge in college curricula, 
faculties are growing older, more stable, and less 
mobile. It i's estimated that barring unforeseen-overturn- 
ing of the present situation, from 70 to 80% of th'e pre- 



sentjfaculty will still be just where the> are now for.the 
next 20 to 25 years. 

Thus new lands of programs, ^ and new approaches to 
teaching and learning, are imperative. And even when S 
new idea is put forward, merely havtng that gocxi idea is 
,not enough; the idea is of no value untjl it is put mto use 
The approach used in the new brijnd of faculty develop- 
ment is, via conferences, workshops, and other devices, 
to lead the faculty to an understanding of the roles of 
research, development,^ dissemination, and use, and to 
foster implementation of the entire process (o the end that' 
effective changes are introduced into courses and cumc- 
ula And beyond this, to an awareness that some succes- 
ses cat! lead to problems that are e^iormous — e.g., how 
to handle the organizations'' problems that come from the 
installation of a new teaching technique,^ or how to gam 
acceptance by those not involved in the development 
One conclusion is clear: when faculties do experiment 
wuh newteachmg modes. 'there iiyiess reluctance to face 
new kinds oT students 

There were several .comments to the effect that among . 
academic institu|ions th& problems of obsolescence are 
probably greatest in the two-year mstitutions, where 

TJudgets closely keyed to facult> work loads rare I > permit 
even minimal effort to be directed at anything other than 
classroom teaching. One participant suggested that 

.perhaps a solution lies in efforts to increase faculty pro- 
ductivity so as to yield a margin that would permit fac- 
ulty development to occur An associated question, of 
course is whether increased teaching productivit> would 
not result" in counterbalancing budget reduction 

It was asserted by one participant that many two-year 
institutions do a better job of faculty development than 
do the major research mstitutjonj* if the faculty functions 
of ^'helping others learn" is considered to be the focus 

General Comments 

Throughout the course of the meeting there were addi- 



tional comments made or questions raise<l which, though 
not directly related to any particular paper, did bring into 
the discussion other pertinent topic^ / 

/- * ' 
\1 ) The role of continuing edudation as it now func- 
* t'lons* oc iithould function, withinythe 'broader range of. 
^lifelong-learning" or "recurreiU education.? 

(2) The role of (and in particular the Foundation's roPe 
. in) continuing education in science and engineering sub- 

jt;ct matt,er contcfnt within the broader 4rea of acquisition 
of other, kinds of knowledge-budgeting, logistics, plan- 
ningr management practices/ interpersonal relations, and 
personal development — needed by practicmg engineers 
and scientists. / \ 

(3) The role of colleges and universities, professional 
societies, and industnal |!>rograms in fostering continuing 
learning by scientists ^ind engineers ,> and the need for 
coordination of these jictivities within the framework of 
some clearly understood unified approach to attainment 
of the overall goals j6f .continuing education. 

(4) Questions <is to the motivation of some academic 
, institutions in dd^^loping and promoting continuing edu- 
cation ptogviinM§-f^spec\a\\y ^when CE is viewed as an 
opportunity tatocrease the institution's revenues and/or 
use continuirilt^M as a safety valve 
against pressitf^ brought on by a faculty size geared to 
•once-higher dfi^llments. 

(5) Questi'oha about the proper sources of support for 
CE. Who pa|s? Who benefits? 

{6) The role of the major consulting firms whose one- 
to three-day conferences are a significant factor in CE for 
employed scientists and engineers. 

'(7) The ptroblem of the awarding of **credit" or some 
other form pf» recognition of participation in continuing 
education activities, handled in such a way as to provide 
assessment' of , both the quantitative, and particularly 
qualitative', contribution .1o the participants' knowledge 
and understanding of work-related subje,ct matter. 



the Friday Afternoih Session 



Report of the Friday Afternoon Session 

This session was oriented to^the identification of pibb- 
lems requiring study or acti'oii^ A li$t'of the 36 recom- 
mendations abstracted froni !h^ six cotnmissioned papers 
was circulated (Table I , attached, is this list) to the par- 
ticipants organized infe three discussion groups. Group I 
was asked io consider the problems or needs of scientists 
•and engineers employed by academic institutions, Vhile 
Groups II and^I were asked to consider those of scien- 
tists and engineers in non-academic* emplo^^ment. After-' 
discussion, each of the three groups reported* to the ple- 
nary session. Summaries of the reports EqIIow. 



Group I ^ , 

Group I state^i its conclusions in the following way: 

'A. The basic purpose of faculty development is to* 
maintain intellectual and professional vitality in 
science " and engineering and instructional 
technology. 

B. There-is a need for data regarding professional'de- 

velopmeqt: What is going on? Who needs it and 
why^? Who should pay? wljat is the need for lon- 
gitudinal studies? How do professional de- 
.v^fopment activities correlate with faculty career 
stages? What are reliable conceptual models for 
faculty careej stagey? 

C. Success models and action programs are needed to, 

help integrate academe an^i industry, and to 
integrate teaching and research in colleges and 
5 universities. 
Among the needs and problems leading to this formu- 
lation are: , , ' 
*< 

A. i; The fundanientaJ need for colleges and univer- 

sities is to maintain intellectuaf vitality and 
faculty excitement to insure high quality sci- 
ence^ and eagineering education, and profes* 
sional exposure to insure relevance of cur- 
ricula to today's and tomorrow's problems. 
' 2. Demographic trends will force teaching facul- 
ties iti science and engineering to reconsider 
and redirect career directions. 

B. 1. There is ,a need for knowledge— an 

inventory— of what is going ,on in faculty 

development. 
2.. More understanding is heeded of the relation 

betwjeen continuing education and the career 

status of an individual 7e g-» What i^'the re- 
* ^ lation between age, status and need for re- 

vitalization?). 
ICtJMiJjcation is needed on: Who needs faculty 

dev^<)pment, who benefits from it, and who 

shoqld pay for it. 




4, There is, a need for studies in continuing 
_ education — including .longitudinal ones-,- 
' bearing on the utility of different strategies 
^ for professional development. For example: 
Are sabbatical leaves effective? U^der what 
conditions? Against what criteria do we 
' measure? 

C. 1. How does one resolve the tension between the 
research and disciplinary orientation of sci- 
" entists and engineers as they emerge- from 
, graduate schools and the teaching require- 
^ ments imposed as they take on respon- 
sibilities as faculty members at various types 
of institutions? How do these activities relate 
' to the overall institutional (faculty) mis- 
sion(s)? : 
2: Th^re is need to stimulate interaction and integ- 
ration between academic practice and indust- 
^ rial needs and realities. Industry's help is 
needed, to i;1iprove both the faculty mem- ^ 
bers' understanding of the industrial envi- 
ronment, and the quality and relevance of 
prevocational-and continuing education oT- ^ 
fered by colleges and universities. Industry* 
' ^ ' needs to understand -the constraints outside 
the control of a.cadefne. 
3. There is a need to Increase the effectiveness of 
faculty members in using "cw instructional 
techniques and methods. 



Group II. 

Group II adopted ^e working definition that continu- 
ing education includes those activities which supplement 
ort-the-job learning. It grouped its conclusions into two 
major categories. . 

* *^ 

A. There is a need/or obtaining a better understat- 

ing of growth and development of people in their 
^ careers and of the role that continuing education 
plays in that process. 

B. There is a needior better understanding of hpw 

adults learn arja how they should be 6ught. 

Further subdivision in terms of the abstracted recom- 
mendations (indicated by numbers in parentheses defer- 
ring to Table 1) were: ' ' . 

A. 1 . Needs assessment and the way knowledge pat- 

terns chaitge with time (e.g., the ways 
which knowledge is accumulated and dissi- 
pated during the career life of engineers and 
scientists) and the relation to the phenome- 
u non of obsolescence. (12), (17), (28), (30), 

(34), and (3S) concern this. 
2. Motivation. (15d) and (18)concem this. 

B. 1. The Educational processes involved including 

the evaluation and measurjgment of continu* 
ing education. (U, (3), (4), (5), (n),.(13), 
(14)., (16), (19), (21) concern this. 
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' 2. Delivery systems involved. (15a), (15b), (20), 
(31) concern this. 

Group HI 

The group Was particularly concerned with the matter 
of utilization of knowledge — how well students learn 
was seen as being less important than hdw well it is 
utilized. 

The problems identified were: 

A. "What should be delivered in continuing education? 

How do you iget,at the needs of professionals? 
What are the priority issues? 

B. How should it be delivered? How do you deter- 

mine how much CE is used? How do .you mea- 
sure? 

Among the needs and problems leading to this fonjiu* 
lation are the following* ones (with numbers in paren- 
theses referring to Table 1). 

A. 1. Nee^s assessment techniques from the point of 

vi&w of marketing techniques to determine . 
' what to offer (17), (30). ' 

2. Evaluation- of how to use industrial advisory 

committees to improve effectiveness of con- 
tinuing education (22). 

3. Foster interchange of information between 

academe and industry (28). This^ bears on 
faculty obsolescence in relation to industrial- 
ly generated knowledge. ^ 

4. Develop criteria for use in evaluations of con- 

tinuing education (^^), but in terms of how 
well knowledge is utilized . 

5. Study rates of change of scientific and, technical 

knowledge (12), interpreted in^ terms of the . 
matrix concept, page 8 of Katz's paper. 

6. Develop comprehensive data, including 
, baseline data, on the currerit status of con- 
tinuing education (15), This would include 
cataloging current activity. 

B. I. Study assessment of continuing education for 

.scientists and engineers; including long 
c * term, longitudinal study (3); influence of or* 
ganizational structure and climate (on mpti- 
vation)*(6); and establishing baseline data 
(5). " " 

• 2^ Research on how adults learn — specifically in 
the area of scitnce (16). 
3. R&D pn alternate modes for the delivery of 
continuing education (20), (21 ), (32)*. 
• 4. Teaching components of professional societies 
(29). 

Table L-^ummary of Rec6inmendations and 
Suggested Activities 

Research or Studies: , 

(1) Research on educational processes * Bergqu^st 



(support to educational rqse^ch . • ' 
j0umaU*> searchTor nom^a^itionaL 
rnethods of disseminatiQBof • ^ 

research results)' C^/'t \ V* - * 

(2) Research on developmenlstJ needs and . Bergquist , 

motivation of faculty , ^ x » 

(3) Study: Assessment of CESE , Kaufman 

longitudinal study ' 

(4) Develop criteria for CESE e^valuaiit)n*s ^''Kaufman 

(5) In connection withpCESErese^ireh. .Kaufitlan ^ 

require collection of baseline data; , 
specify population to which » ' ^ 

^ applicable ^ ^ * 

(6) Study aspects of organizational • " ^Kaufman 

structure affecting impact of CESE ' 

(7) Study federal stimpIationpf CE ' Katz ' 

through legislauon making s * ' ' 
education a fringe benefit for every 
technical worker . • f ^ 

(8) Study to encourage educauon/industry Kalz , 

cooperation to enhance faculty , • . 

capability to serve as instructor or 
' resource person in CESE 

(9) Study. means to upgrade CE in a . Katz 

university as a valid activity for 

full-time activity ' * • 

(10) Study fe^ibility of a federal subsidy ' Katz 

of CESE as a recognized part of * ; 

higher education , * . . 

(11) Study means of evaluatbig Katz 

non-academic CESE'offerings and , ' ' 
parti cipan'i performance {without ' 
*^ participant testing) 
• (12) Study rales of change of SE Dubin - 

knowjedge 

(13) Test empincal model for measuring Dubin, 

updating 

( 14) Behavior-anchored scale for defining Dubin 

and measuring updating 
(i 5 ) Study : Current status of Biedenbach 
a TV vid^o tape used 

b. Professional society CE 

programs 

c. CE in academic environment 

d. CEiri industry 

( 16) Research oniiow adults learn Biedenbach 
..(17) Needs a^§ds«ment: CE for the Biedenbach 
practicing engineer 

(18) Study: Motivation to participate in CE Biedenbach 

individuals, industry, college 

(19) Study: Development of effective Biedenbach 

evaluation instruments 

(20) Study: Delivery of CE to dispersed Biedenbach 

industry* 

(21) Study criteria-referenced CS program \Biedenbach 

(22) Monograph on how to use industrial Bi^enbach ^ 

advisory committees for CE 

^program development • " 

(23) Study effect of mandatory Biedenbach 

certification — recertification, etc., 
on CE programs 

(24) Study status and future of Professional Biedenbach 

Development programs 
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Faculty Training and Development: 

(25) investigate alternatives to sabbaticals Bergquist 
» • (short-term sabbaticals? Provide 

assistants to professor in first t^rms 
of a new course?) 
'(26) Small-college faculty support for Bergquist 
' * 'community** service 

(27) Training for Faculty Development Bergquist 

practitioners 

(28) Foster interchange of information Hazzard * ^ 
• between industry and 

college/university faculty 
Conferences or Symposia: 

(29) Fund teaching compoaents of Bergquist 
^ professional soaeties to explore ' 

new approaches to science 
education, e.g. » conference 
including prof, and eng society 
representatives and practitioners in 
faculty development 

(30) Support regional workshops to Biedenbach 

determine grass roots perceived 



needs — working level S & E's from 
t industry and colleges/universities 

(3 1 ) Workshop on techniques*of offenng 
CE programs 
Experimental Projects: 
,(32) Fund disciplinary organizations to 

' expenment with alternative delivery 
systenf^s 

'(33) Establish an ^^Expenmental Institute" 
\ dealing with design and, 

implementation of programs for 
^ faculty who must undergo 
significant career transitions 

(34) Pilot project to test effects of improve^ 

management practices as a deterrent' 
. of obsolescence 

(35) Rjlpt project: An 

^ Assessment-Development Center 
for S (S^E's at mid-career 
Information Di%<Nnination: 

(36) An annual catalog of CE programs 

available to industry 



Biedenbach . 

Bergquist 

Bergquist 

Dubin 
Dubin 

Biedenbach 
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, The Saturday Morning Session 

Rei^ort off the Saturday Mornfng Session 

This session was intencjed lo produce recommenda- 
tions leading to NSF program responses. 

Early m the session, one of 5ie gartjcipants recom- 
n^endjjd the establishment of^a 'Comrtiission on ContinS- 
jng Education for Engineers and Scientists' for a pqiod 
of 3-5 years. The reaction of the group to 'this rec^m^ 
mendalion ,was unanimously Javorabfe, although tl^ere 
was considerable discussion ov6r the specific ^purpose, 
organization, and function of such a commission. After 
90 cfiinutes^or so of discussion, it was (tecidid^^by the 
group that each participant should provide {he NSF staff 
with written c(Sfhim'ents oh the proposal by August 15. 
Appendix I contains the proposal and an analysis of these 
written comments^ e 

It was agreed that even if the/cfommission' concept 
^^kes shape.artd'becomps a reality it would be some time 
before the effect might be felt. Therefore, the 'commis- 
sion' ought not be the only response, but that other paral- 
lel activities are required I / * 
* T*he remainder of ttie Saturday morning session was 
spent discussing other recommendations, A major one 
> pf esented^ was that: ^ 

• NSF fund thred^^ regional conferences to develop re- , 
gional pilot programs 'in continuing education. 
These regional conferences would have three major 
characteristics- (a) foster two-way exchange be- 
tween academe and industry; (b) l?e self-designed by 
particij)ants using broad guidelines provided by 

, NSF; (c) be funded for a 3-year penod. 

This .proposal generated extensive discussion. The 
reaction of the group was cautiously favorable — the cau- 
tion arising implicitly frbm a number of different prob- * 
lems arising in regard to how precisely the proposal 
would Bfe carried out. These problems involved such 
things as: how the different newis of different industries 
woijjd be addressed; whether the conferences would be 
more process than content onent^; whether organiza- 
_ tional decision makers, line personnel, or some combina- 
tion woi/ld attend. 

. Three other proposals jwere advanced in brief: ' 



1. Fo§te«ing collaboration of industries and proffes-. 

sional associations; 

2. Foster utilization of faculty frpm four-year colleges 

as Visiting professors to teach i«-house continue 
ing ecjucation courses; 

3. Experimentation with innovative delivery syst'ems* 

to reach scientists and engineers isolated by 
geography or job situation from activities foster- 
ing professional development. 

While time did not permit the group to reach closure 
on these particular proposals, one participant offered his 
interpretation of the final consensus recommendations, 
and the group as a whole agreed. These consensus rec- 
ommendations fall into four categories as follows: 

1 . The Commission .on -CEES . 

2. Specialized Research Study Projects: 

e.g., Longitudinal studies of the benefits of con- 
tinuing e4ucation to individuals, " 
Program evaluation techniques 
How do professional engineers/scientists learn? 
What do engineers do? miat do scientists do? 
Needs assessment techniques 

3. Innovative Delivery Systems: 

Support of open learning experiments for scien- 

tists'and engineers. 
Support of inn6vative consortia arrangement^, . 
Expenments in the use of libranes, 
1^ Experiments in the use of modem interviewing 

(telephones, etc.) techniques to achieve 

maximum learning. 

4. Faculty Development: 

To find out what e^igineers do on th^ job: OTJ 
Faculty Internships in Business, Industry, 
' * Government, 

Faculty development in teaching techniques, and 

u other emerging educational techniques such as 
counseling, facilitatingfetc, to reflect future 
societal needs and correction of past failures. 

Curriculum updating studies. 

Studies on Faculty Development Processes 
(e.g.. Which ones work for which engineering 
and science faculty?),' 
"Changing university governance rules to pro- 
iXiote CEES as an appropriate faculty activity, 
by educating legislators, trustees, university 
administrators and the faculty. 
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A IWi^nni imON support the creation pr expansion of faculty development 

A. m tiiwuv.iiv^i^ . ' programs in (his country. Several years.ago, the Chroni- 

^' Faculty development hai gained wide acceptance dur- ^ cle of Higher Education reported on an ^explosbnj m 

ing Ihe t^tfiveTearsiu Andean higher education as a ' the field of faculty development. This trend has con- 

V<*icle the improvemeirt of teaching and learning. tinued and apparentiy will continue. for at least {wo or 

Currcntiy,abQMt^nehalfofth^collegesanduniv^ities three more years Even more importont. ^^cu^ dc; 
intheuitedSuSsthatresp<^4edtoanation^wid^ • ''^'^"^'f^'^^^ 

• tionnairc offer some form of faculty development nent academic service of most colleges and umversities. 

services (Ccntra,i976). Furthermore, we estimate that at The increased interest in faculty de^opment can be 

least $50 million has been given by governmental agen- attributed to at least four causes. First^tudents are be- 

cics and private foundations during the past fiv6 jjpars to ^ coming , increasingly^ heterogeneous. They now come 

(' ^^^-^ * ^ A. • 



from lower socio-economic classes, from an older age^ 
group, and from different racial and ethnic backgrounds. 
The **n6ntraditionar* student enters the collegiate in- 
"stitution with a different set of needs and expectations, 
and different learning styles. Faculty must respond to 
this heterogeneity with a more diverse and flexible set of 
instructional goals, attitudes ^nd strategies. 

Second', colleges and universities can no longer oper- 
ate in splendid isolation. They have become increasingly 
accountable to the general public, trustees, or a sponsor- 
' ing church. Within the institution, evaluation of profes- 
sional perfomiance reflects this increased sense of ac- 
couniability. If faculty are to be evaluated, tHen they 
must also be given an opportunity — and the resources — 
to improve this performance in ^eas where deficienciel 
are noted. If they are not provided with these oppor- 
tunities and resources, the evaluative process becomes 
inherently unfair and destructive. 
, Third, faculty are "becoming less mobile^s more of 
them become tenured and fewer of them find an oppor- 
tunity to move to another college or university The 
majority of faculty in American higher education will be ^ 
teaching at the same institution for the next twenty to . 
thirty years. Colleges and universities must devise 'pro- 
fessional development programs that help these en- 
trenched faculty remain vital and excited about their 
work. Since we have become more fully aware of the' 
stress associated with stagnation in one*s career (Levin- 
son et al., 1974) the challenge of rejuvenating faculty in 
**mid-career crisis** (Hodgkinson, 1974) is even more 
pressii^gf. 

Fourt h, as enrollments in traditional liberal arts col- 
leges anfWiniversities drop off, there is increasing com- 
petition for students among these institutions. This com- 
petition has already g^oduced many significant curficular* 
"^Cha^a (for example, external degree programs, compe- 
^ tency-based instruction and new work-study arrange- 
ments) These pressures for change in the basic educa- 
tional structures of many colleges and universities re- 
quire a program within the institution which supports and 
assists faculty in accommodating to and £ven helping to 
bring about these changes. Such a pfogram must be re- 
sponsive to the needs of the' faculty member as a profes- 
sional (instructor, advisor r educational designer), a per- 
son (lif^ and career planning, interpersonal skills) and a 
member of an organization (team, building, conflict- 
management) (See Appendix A). 

Like their colleagues in othei:^discipliner, faculty in 
the sciences and engineering must face these demands * 
•for change and renewal. Furthermore, since many areas 
in the sciences and engineering are hot now growing in 
terms of student enrollment or pyblic financial support, 
these demands for change and renewal must be met 
without significant external support (money, ^people, 
time, machines). Furthermore, very few external incen- 
' tives (major pay increase, promotion, career advance- 
ment) are available to promote change and renewal, for 
many (acuity in the sciences and engineering are already 



at the top of the academic career ladder (tenured, full 
professor), having achieved this status st a young age in 
the post-Sputnik era. Science and engineering faculty 
must find resources for change and renewal froiMmong 
themselves and must find reasons for change fronx new. 
sources <hat are ofteri internal in nature (renewed interest 
in teaching, new developments in the discipline or be- 
tween disciplines, reawakened interest in students). 

Practitioners in the field of faculty development face 
"'an imposing challenge in working with faculty from the 
sciences and engineering. This paper is directed toward 
the review of strategies and resources that are now or 
could be used to meet this challtnge. We will first pro- 
vide a general perspective on faculty development prac- 
tices, then specifically examine the developmental needs 
of faculty in the sciences and engineering. From a third 
perspective, we will discuss differences in faculty' de- 
velopment practices at small and large, private (inde- 
pendent) and public (state-supported) institutions. 
Fourth, ^faculty development will4ie discussed as it has 
^n cpnducted by regional and national higher educa- 
tion agencies. Finally, we will consider several ways in 
which faculty development has been supported by 
national-level funding agencies. We conclude the pap^r 
with a brief jesting and discussion of eight recom- 
mendations to the National Science Foundation. 

B. GENERAL PERSPECTIVES ON 
FACULTY DEVELOPMENT - 

Faculty development is not a new area of activity in 
American higher education, thoxigh it has taken on new 
^dimensions and emphasis during the past decade. Tradi- 
tionally, faculty development has been equated with fac- 
ulty leave 'glides and sabbaticals, the 'allocation of 
fund^Sfor travel to conferences, the provision of support 
(financial, time^ personnel) for research and scholarship, 
or the purchas^e of instructional equipment (audio-visual 
aids, teaching machines, instructional software for com- 
puters). None of these-approaches has sqemed to~be satis- 
factory, given the changing. con dj^^n s described above,. 

Faculty have been notably t^BKht to make use of 
instructional technological breakthroughs — even if tjiey 
themselves are faculty in technologicalTields,' As a re- 
sult, some instructional technologists in the early 1970's 
began more actively to assist faculty in the design of 
instructional units or entire courses that effectively 
integrate the technologies that are available (Diamond et 
al., 1975). in this way, the ^^instructional development"^ 
field began tp expand and gain credibility. Though Un-^ 
structional development has generally Vown independ-^ 
ently^of the fjlculty d^elopment movement, the two are 
now becomij^g interrelated and interdependent. ^ 

Many faculty and adminis^ators have also>Mjifne- 
dissatisfigd with the research and resource^lloHoon 
pfograrfis. They: want a developmental program that 
crosses disciplinary boundariesT and emphasizes instruc- 



, don and brqad intellectual growth This attitu4f has been 
most forpefully and influentially articulated in a publica- 
tion by Change Magazine entitled Faculty Development 
in a Time/)/ Retrenchment (Astin, et aL, 1974). A sum- 
mary descript*n^)f the contents of th|S bnef report con- 
veys something about the field of faculty development m 
1974 

1 . The^ Need for Faculty Development — Professional 
stagnation among Amencan faculty is in danger of re- 
placing faculty mobihty. Wnnging more out of^ declining 

* resources makes adequate teaching supports on a major 
scale all the more essential to assure faculty development 

« through the end of this century. 

2. Kinds of Reform — Why some bid defvices to en- 
courage good teaching (Jon't work, and' what strategies 
may be. used .to achieve substantial improvements in the 1 
quality of college teaching. Some practical and reasona- 
ble departures from current practice can substantially en 
.hance the profession alization of teach ij^g. 

3. Teachmg as a Performing /Ir/.'-^Peaching, unlike 
research and publishing, remains very much a pnvate 

* professional act, rarely ope^n to collegial scrutiny. Effec- 
tive teaching "Trains a stepchild in the I hierarchy of 
academic goals and values. It could be greaHy improved 
by opening up the process to sensible and substantive 
criticism. 

4. Knowledge About Learning. — Self -reflectiveness 
about the processes of teachmg and learning can become 
a viable instrument for teachej and student alike. Such 
awar.eness is rarely present today An institutionalized 

intellectual concern for the nature i)f learning may repre- 
sent the last remaining bit of co^mmon culture in the 
modem, diffused multiversity. ' 

5. Training Future Professors. — Few graduate 
schools prepare their students for teachmg in any practi- 
cal sense', leaving classroom performance largely to 
change, A new teaching pracUcum, new teaching de- 

, grees, and the encouragement of intdllectual work di- 
rected toward the classroom are some devices to upgrade 
current teaching effectiveness ^ 

6^ Campus Programs -on Teachif{g. ^Most campuses 
suffer from an anemic pedagogical culture. New in- 
stitulionwide programs for teaching would counteract the 
present uAdgr nourishment. Campos teaching institutes 
may be oneremedy. If they are carefully planned, such 
teaching centers can produce a number of bejiefits of 
long-range significance both to participants and institu- 
tions. 

7. The Role of Experts. — Pejlagogic development 
through teaching institutes may w further enhanced by 
'teaching consultants from the outside, used in a suitable 
ntfx with the campus faculty. Expertise in this area 
should be utilized wherever it is available. • 
^ 8. Evaluation for What? --The great game of grading 
offers relief from the ambiguities of learning, but the two 
should not be confused. Good lieaming presumes a vul- 
nerability, which grading as a sorting-out process often 



prevents. A separaiK)n of th^wo is possible, i with 
third-party assessment of both students and teachers per; 
formed in an atmosphere of confidentiality, 

9, Grants for reflc/i/Tz^TT— National resources for en- 
hancing pedagogical competence are woefully lacking,* 
and grants shoufd be provided similar to those given for 
research. The dual hierarchy of quality teaching a;id in- 
tellectual work and research* needs to be legitimated, 
with grant dollars att^cHfed tp both. - . 

10, Intellectual Mobility.— It is harder to improve an 
existing job than to moveio a new one, but diminished 
faculty mobility may provijie opportunities for inplace 
enhancing of professional competence. Multiple profes- 
sional identifications, rather than identification only with 
one's own discipline, is a break with academic traditions 
that would provide networks of interests and intellectual 
integration.. ' ^ \ , ♦ 
' 11, Mid-Career Trans.itions. — Providing insurance 
me|jjanisms to allow mid-career transitions^ into nonaca- 
Sfemic work could make a very large difference to 
academic institutions in the late twentieth century. Int^r- 
campus faculty exchanges and provisions for mixing 
academic with nonacademic employment would also en- 
hance academic performance in a period 6f contraction. 

J2. Ways to Begin. — Seven key recommendations, 
and a discussion of how they would work. Strategies on 
how to begin revitalizing qampus teaching, their hazards 
and their pay-offs. If the sixties was the decade of 
growth, the seventies and eighties can well become the 
decades of resourcefulness. 
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1 Colleges arlP&niversities should (irgahize regular 
campus programs on teaching coordinated by an 
institute .... • 
29r. , . the campus institute (at ifniversities which 
grant advanced^ degrees) should supervise a 
•teaching practicum undertaken by graduate stu- 
dents in the course of their work for the Ph.D. or 
other degrees that lead to wx)rlcin college teach- 
ing. I . 

3. Graduate students should be 'able to havr their 

teaching\)fritially evaluated for the record by 
methods that aim to be as sophisticated as thosej 
us|^ to judge their scholarship . . . Entirely sep- 
arate from these official evaluations, the teach- 
ing rnsti^tute should provide confidential assess- 
ments dif work dDne by graduate Students arid 
professors alike. 

4. . . . college students should be graded for the rec- 

ord by people othfcr than their own teachers. 
5 Professors should have access to small gpnts for 
speciaUteaching projects. 

6. Institution^ should loosen *the present monopoly' 

departments now hfold' over both professional 
time aild the *TieldsV of knowledge. ' 

7. In mid-career some professors develop 

nonacademic ambitions, want to switch to 
another field within academic 'life, or become 
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disinterested in teaching ... we need a system 
of insurance for mid-career chafnges . . . 

These recommendations, while valuable,, are mcomr 
ptete. Th^inadequaiely Itouch on the significant per- 
sonal aqii organizational changes that must acconTpany 

^or even precede significant changes in the teaching'and 
feaming processes. of a college or university. Further- 
more, since most collegiate institutions no longer are 
hiripg many new faculty, an eonphasis on the develop- 
ment of graduate students as teachers may be misplaced, 
attenj^n shoul4i)e directed-toward'those faculty who are 
now teaching and will be teaching for another twenty or 
thirty yeafs. i % ^ 

effective program for faculty "development must be 
respectful, of three different strategies' for change 
(Lmdquist, 1^77^). (1) the creation and demonstrated 
applicability of new knowljedge (research and develop- 
ment) (2) the creation of channels for the dissemmation 
of iHis knowled^e^ (social interactioh) and (3) the estab- 
lishment of conditions within organizations that promote 
the effective use of new knowledge ]^roblem-solvin^). 
Specifically with regards to faculty development, some 

. programs should emphasize research and development: 
the study of instrudtional processes in thewllege class- 
room or a test of new approaches to the improvement o^ 

• in'struction. Typically, this tyjj^f faculty development 
prograrh resides in an institute at a prestigious, 
^research-oriented university. This dimension of planned 
change is fully compatible with the rational^ and empin- 

.^cal norms and* mission of American higher education, 

" ,4ience is readily accepted by most faculty and adminis- 
,trators. In isolation, however, this strategy will have 
only limited impact on' the daily professional lives of 
faculty. . / 

A programmatic emphasis on the dissemination of 
new knowledge u^aJly evolves workshops and confer- 
ences where faculty are brought together to he Jr about or < 
discuss new ideas and experiences, or n^works through ' 
which faculty are linked with relevant and Icnowledge- 
able resources (people; books, programs). While this 
strategy for change is' essential tf faculty are to be kept . 
informed and intellectually alive, it does not adequately 
address the g^poblem of ulse: how does a faculty member 
.employ these ideas, experiences, or resources back in the 
classroom or laboratory? ^ , ; .^^^^ 

The third strategy, pfoblem-solvihg, primarily touchesr 
on the proceji^ rather than substance of change, how can 
we create Sitings in which new ^deas and the experi- 
ences of other people become readily integrated into thtf 
life of an organization or institution? Faculty develop- 
ment programs^an employ fhi^ strategy by training fac- 
ulty in the use of ;iew .methods, helping an academic 
department prepare for .a major instructional innovation 
or det,5rinining \yhy a curriculum committee is unable to 
take action on a new plan. This third dimension is e^sen- 

' tial to significant planned change, yet it is not sufficient. 
Without the other two strategies, there are no new ideas 



'to be used by a college or university* in confronting 
changing ^student needs and societal conditions. One 
must, therefore, d^te a faculty de^^velopmeht program 
which links-and integrates research, development, dis- 
semination and' use: 

At a', somewhat^JTiore specffic leveL several different 
sets of strategies and components for faculty develop- 
ment programs ha^ been identified. Bergquist and Phil- 
lips (1975) listed eleven such 'strategies (See Appendix' 

1. - Training, giving faculty new skills that can be 

used in the performance of specific tasks, like 
teachiag, or in the aecomplishmer\t of change 
. Uself. ' V ^ ' ' 

2. Consultation: assisting ^ahilty to define a prob- 

lem, to discover resources to use in solvihg this 
' problem, to use these resources and to evaluate 
the effectiv,eness of the problem-solving effort. 
' 3 . Personal and organization development: helping 
' ■ a faculty member to plan for and manage- 
cfiange.^ ^ . 

Method-promotion: encouraging facajty^ to use 
specific insSUctional methods, or technologies. 
Instfuctional design: helping faculty to pfen for 
* and implement new instructional programs. 
Equipment: providingifeculty with neiv resources 

for instruction. / 
Discussion: providing a settipg in which faculty 

can readily talk^about their teaching. . 
Evaluation: developing and/or administeri|g in- 
\struments fpr the assessment of instructional 

performance by faculty. 
Reward^Sfems : developing a polity for equita- 
ble 4!id Nobjec'tive assessment . of job per- 
formance, a set of resources fc(r improvement 
of performance and tangible/rewards for the 
improvement. / 
Career transitions: helping faculty to move to a 
new discipline or iobap utside higHfr education, 
and ^ 
Comprehensive^nstjtutional development: j^ou- 
pling faculty developmctit with other programs 
that assess ^d/or confront the jieeds of the in- 
9 stitution. ^ 

S^efal other attempts have also been made to identify 
the diverse activities that Emprise a facujty development 
program. David Brown and William Hanger ^975) offer 
a list of 142 self-developm^t activities tnat can be 
efljployed to '^stimulate the fa<;ulty members and to 
strengthen the institution** (See Table 1). John Centra 
(1976) identified forty-five faculty development prac- 
tices when^constrUctihg a survey questionnaire for the 
deterfnination of 'frequency and effectiveness of- these 
practices (See Table 2). ^ . 

In a somewhat more systematic manner, Sikes and 
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Barrett (1976) classified faculty develoijgient practices 
on die basis of level and lype of activity (See Table 3). 
TJhfey identified three differeat levels: personal/ 
i^idividual, int^ersonaf/group and intergroup/ 
orjganizatio9% The types of activities include: 
^facilitative/process (helping faculty improve the way 
< ♦they relate to one ariother, students or other members of 
the institution)^ structurah/t^nical (providing faculty 
with tim|, space or physical resources), expert/ 
knowledge ^(giving Jac^ty new ,and ryore information) 
and research development/demonstration (generating 
new^infdmiation cfr proving the 'validity of existing in- 
foirnation). ^ - - , . ^ 

Another systematic listing of activities (See Table 4) 
has been provided by ^ergquist and Phillips (1974, re- 
visedt 1976) b^sed'on their threcrfold distfnction be- 
tween instructional (professional), personal and organi- 
zational development (See further: Appendix A). This 
. list recently has been updated (^ee Table 5) to incorpo- 
rate a broader list of activities and to reflect the observa- 
tiqn that some of the most Effective faculty development 
pjactices ihcorporate a cwnmunity development ^p: 
proach to change^ee fu^er: Appendix D) ojr involve 
change at an institutional' or muUi*(meta)-institutional 
level (See^ further: Appendix C). 

What do these various Hsts and categonzationsytell us 
about faculty development? Fir$t,'yjey tell us that/faculty 
development is many differencthings, and therefore i§ 
difficult to cjearly.define or label. Th^e lists also tell iis 
that we now'h^ve jTHch source of ideas and learnings 
frofn which to bdrrow when confrorillftg gomplex institu- 
tional* problems BecafceS^f tb« disorderly condition of 

* .these sources orinfbrmation^bout how to effect faculty 
growth and development, we are faced with the difficult 
task of training faculty (and adminj^stra^drs) to become 
practition^ of faculty development in colleges ar^d 

^ uiTiversiries: Trial-and-'^or learning no longer seems 
apptopriatf , fgr we are no longer ignor^t about h^w to 
do faculty development* We cannot^yet be ^re, howev- 
er, about how a faculty development practitioner can best 
be prepared to meet a diversity of conditions and needs. 
At thi^ point, j?i:|ictition(ers fape the prospect of 
continuing — though not substantial — support for faculty 
development activities Several years ago, ^erry Gaff 
(1975) described the current and ideal status of faculty 
development programs (See Table 6). His conclusions 
still seem toliold true: there are s^gnificanfaiscrepanties 
between current aiM ideal conditions. * ^ 

In several way^i the National Science*Foundation can 
help sustain' and expand the developmental services of- 
" fered to facuity in the sciences and engineering. In set- 
ting the context for these recommendations, we will first 
Jdentify^those rieelds 6f science and engineering faculty 
and different kinds of i<^Jfiges ^d^univ^ersities that ap- 
pear Ufiiqye ^d require socialized faculty development 
pfactices. We then will examjne the support of faculty, 
oevelopnient activities by regional and national a|endes. 
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C. FACULTY DEVELOPMENT IN THE 
SCIENCES AND ENGINEERING 

Genferalizations about faculty in4fiie Sciences and en- 
gineering are not easily drawn given the great diversity to 
be found among these faculty in instructional and profes- 
sional goals and concerns When contrasted with faculty 
in other areas of acatlemic life (for example, the 
humanities and arts), however, science and engineering* 
'faculty do seem to share certain characteristics, problems 
and sources of gratification. 

Perhaps most important, there is a dominant concern 
among faculty in the sciences and engineering about the 
content of their discipline. These faculty face a con- 
stantly changing discipline, as knowledge continues to 
explode and new areas of specialization emerge, 
Whereas a faculty member in literature can* at least **get 
by'' teaching a. course on Shakespeare without having 
■ read anything new in the p|st five years,' a faculty 
member in physics, biology, psychology or electrical- 
engineering would be unable to remain inactive for even 
one year. Thus, scientists and engineers are forced to 
keep up in their disciplines. This dominant concern 
yields several important implications, 

First, in order to keep pace, many faculty in the sci- 
ences and engineering attempt to become increasingly 
specialized — learning mo^e aboyt less. In small colleges 
and teaching-oriented universities, however, the luxury* 
of specialization cannot be afforded. Faculty mus^^be 
generalists — they are responsible for introductory 
courses, an^ in^recent years often prinliarily provide 
service courses for ^Students who are majoring in other 
^ disciplines or are prep)aring for a profession (jnedicine, 
social work and so forth). The task of keeping up for 
/. these faculty'becomes even more difficult; many faculty 
must resort to heading the latest edition of an introductory *■ 
. textbook in order to keep'abreast of new developments in 
' ^ {heir discipline. There should be betted w^s for a faculty 
member to remain knowledgeable in his field. The tradi- 
tional; delivery systems Tor new knowledge (annual con- 
I ventions, journals) apparently are nt)t adequate for keep- 
ing faculty up-to-date. 

^In th^ minds of many, there is an appropriate sequence 
to specific^discjplines (e.g., mathematics); students need 
to learn certain information, in certain sequences, in ^ - 
order to become satisQictorily prepared for wofk in the 
disciplirie. If students ^on't ^uire a very specific 
background^ in a course then they will not.be able to 
advance to the^next course in the sequenc^ Thus, there is, 
litde room for educational innovation or freedom of 
choice apfong students in the order and manner in which 
they leam.new material,, ' * 

During the 1970*s» the emphasis on time-shortened 
^degree programs, such as those advocated by the Car- 
negie Commission, were viewed with great apprehension , 
by -many science and engineering faculty. A full four o'r 
five years are nefeded to adequately prepare a profes- 
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sional scientist or engineer. Similarly, these faculty now 
tend tO' resist a reemphasis on the liberal arts and an 
expanded <;orc .curriculum. This trend represents an in- 
trusion into the essentiak^urriculum of the sciences and 
engineering. 

The third implication of/die emphasis on content cpn- 
cem^'the dominant' role played by the disciplinary or- 

* ganizauon and by prestigious researchers and scholars in 
the field. These are not only the primary sources of new 
knowledge, and primary disseminators of this new know- 
ledge, but are also the legitimizers of inslnjctional- inno- 
vations. If one examines the major changes in the4^ch- 
ing,of science or engineering during the past decade, one 
fmds "that these changes have usually been supported by 
one of the major disciplinary associations and/or by one 
or ifl'ore faculty members at major research-oriented uni- 
versities vyho are held in esteerti by faculty in the field, 
Ty^ipally, a successful researcher becomes interested in 
science or engineering education. He^ts a large grant to 
tr/out a new (or unacknowledged) instructional innova- 
tion. Oth^r faculty soon pick up on this innovation — 
usually through attendance at a national conference-^nd 
try it out in the classroom or laboratory. Faculty de- 
velopment must be support^ by major leaders in the 
field and by disciplinary organizations if It is to be Suc- 
cessful. 

Fourth, the dominant concern for keeping up-to-date 
in the discipline has generally ltd to a neglect of instruc- 
tional and interdisciplinary issues — the major thrust of 
faculty development in the mid 1970's. As a result, fac- 
ulty »in the sciences and engineering have generally been 
less receptive to faculty development than have been 
faculties in many other fields. Many of the disciplinary 
Qrganizations are only now beginning to ask the basic 
questions about the need for and goals of faculty de- 
velopment (questioas that were asked several years ago 
in many other disciplines), 'the American Association 

* for Engineering* Education, for instance, is only now 
beginning to organize a committee on faculty develop- 
ment. Much of the work that could be described as facul- 
ty development in the sciences and engineering can be 
attributed to the National Science Foundation. w 

Finally, the emphasis oiK(gpntent seems to either attract 
or create a certain type of student/teacher relationship. 
Both students and faculty are primarily interested in con- 
- tent: 9 search for information and **truth** rather than 
alternative perspectives and relativistic analyses. In gen- 
eral, the students are not being taught — nor seen#to 
want^—open-ended material. BeloW the senior or 
graduate level, problems are presented which usually 
liave 9 right and wrong answer. Students are taught to 
view problems in a specific way.(Jthe ^'scientific 
method**). If a jJroblem carinot be viewed in this way. It 
is ignored. In a very real sense, faculty in both the sci- 
ences' fnd engineering are engaged in skflls-traininjg. 
Students want to be told, rather than discover (though 
this feamre is certainly not unique (6 science and en- 
gineering education). 

K 
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Science and engineering faculty ^also t6nd to be 
oriented toward the analysis rather than synthesis of the 
content they are conveying: students learn to study and 
understand the pieces or coniponents of a phenomenon 
without necessarily being able to recognize and ap- 
f)reciate the phenomenon in its totality. A majority of 
scientists seem to be convinced of the objectivity of sci- 
ence t while often failing to recognize its subjective as- 
pects. As a result, faculty and students often failtaview 
their discipline in the relativistic context of history and 
culnire (Kuhn, 1962). 

During the past five years, this perspective has been 
ihcreasingly challenged by the ^*new** and **nontradi- 
tional** students: minorities, women and older people. 
These students are often viewed as ignorant, ill-prepared 
or ill-equipped by the faculty, for they tend to view sci- 
entific or engineering problems in different, and often 
broader, contexts. Even scientists^ and engineers who are 
^ returning' to campus for continuing education are often 
viewed with suspicion (and^fear) by the faculty. In gen- 
eral, faculty teach most effectively to the same kind of 
student that they are. As the student population becomes 
rpore heterogeneous, faculty must-become increasingly 
concerned with instructional and attitudinal issues, 
thereby at least temporarily abandoning their liominant 
concern for the rational and objective tfccunjulation of 
/knowledge in their field. ^» . 

A second major area of unique concern to faculty in 
,the sciences and engineering concerns the purchase, use 
and justification of equipment for research aXd instruc- 
, tibn. "Quite clearly, education in the scienc^ and en- 
gineering is more expensive than education in most other 
fieltls. As in the case of the performing arts, the sciences 
and engineering often require small student-faculty 
ratios; in addition,- however, they require laboratory 
equipment and supplies, laboratory assistants, space that 
cannot readily be converted for other purposes, and 
» lengthy class periods. A comparison with the coursp on 
Shakespeare can again be drawn: Shakespeare can be 
taught almost anywhere, at very littie cost (a copy of the 
work), whereas most courses in the sciences and en- 
gineering can be taught in only certain settings, at 
considerable cost. Several implications arise from tHis 
condition. 

First, faculty in the sciences and engineering must 
justify costs of instruction by demonstrating that this in- 
struction yields significant benefits. While these benefits 
were rather easily demonstrated and accepted in the ^ 
post-Sputnik era, they no longer are — especially given 
^declines in student enrollment in many of the sciences 
and engineering, and declines in the demaflci for new 
practitioners in some fields. ^ 

The costs of instruction requires that science and en- 
gineering faculty be able to clearly document the success 
of their students in acquirin]^ essential competencies in 
the field. Furthermore, science and engineering educa- 
tion (particularly the latter) are uniquely accountable to 
the" professions for which students are being prepared: 
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the professional associations have a definite say about 
the content and process of instruction. Thus, faculty in 
the sciences and engineenng must be able to demonstrate 
benefit to not only the college or university community 
that is worried about high costs, but-also the professional 
community' that is womed about the quality of new en- . 
trants into the profession 

The teaci^fng scientist or engineer must confront a sec- 
ond equipment-related problem as well. Sophisticated, 
'r^earch equipment could be usecTfor instructional pur- 
poses. However, for whatever reason faculty members 
lack the use of theory in applying these pieces of equip- 
ment to instruction. Frequently, faculty do not know how 
to design an Effective laboratory experience. They fall 
back on "cookbook" approaches to laboratory education 
that teach a student how to follow instructions, but do* not 
teach him how to tliink or-^olve problems. Faculty must 
be provided with opportunities and resources to learn 
about ^emative approaches to laboratory-education (for 
exampl3\j^dividualization of laboratory education 
through thet^se of audio-tutonal devices) and the instruc- 
tional use of equipment (for example, the use of comput- 
ers to simulate laboratory experiences). 

As a means of reducing instructional cost§ for labora- 
tory education, niany colleges and universities have re- 
duced the number of hours credit that faculty receive for 
conducting or supervising the laboratory. As a result, 
many faculty do not have adequate time to prepare for 
the lab or must assrgn most laboratory^ work to under- 
graduate oc graduate teaching assistant?. The reduction 
in institutional support foV laboratories often is inter- 
preted as a depreciation in the value of this type of leam- 
; ing. Consequently, th'e science and engineering labora- 
tory ha^^ become, a "second-class citizen" at many col- 
leges and universities. 

High instructional costs have also restricted the type of 
institution that can offer instruction in the sciences and 
engineenng (especially the latter) An engineenng fac- 
ulty is necessarily rather large, for the ca(||^l invest- 
ments requij:ed for a minimal Jaboratory can only be 
provided if tne program will accommodate many stu- 
dents. Similarly, many of the laboratory sciences cannot 
be adequately serviced in small colleges One of the 
unfortunate side effects of this restriction is the absence 
. of science and engineering faculty in those environments 
(small colleges) which are most conducive to interdiscip- 
linary dialogues among* faculty as Well a.s a pervasive' 
concern for the integration of values and course 
content^wo areas of development which are clearly 
nefeded in many of the sciences and engineering. 

Small colleges must be given assistance iq finding the 
capital r^ources for development of science and en- 
gineering programs. We must find ne\v ways, as well, of 
reducing laboratory costs (for example, through use of 
laboratory facilities in industrial settings) or of 
integrating or exchanging the resources of small and 
large collegiate institutions (for example, faculty ex- 
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changes between ^malf, liberal arts Colleges and large, 
research-oriented universities). 

A third area of unique concern for faculty in the sci- . 
ences and engineering' relates to their professional self- 
definition First, many faculty in these fields'quite right- 
fully view themselves as being at the top of the academic 
pecking order. These disciplines (especially the physical 
sciences) are usually viewed with respect by <:olleagues 
in other fields The science and engineering faculty 
member often feels that he could master any other field 
with the tools of his current discipline. Members of other 
disciplines borrow terms from the sciences and engirfeer- 
ing to gain respectability for a concept. Students in the 
sciences and engineering are usually viewed as n\ore 
^'serious" and are generally regarded as **better" stu- 
dents than are those enrolled in other majbrs. 

Being at the top of the heap, many ^ientists and en- 
gineers seem unwilling to risk alternative approaches to 
instruction or interdisciplinary studies. Furthermore, 
many of these faculty reached, their creative and 
productive peak in the .early I9S0*s. They are stiil rela- 
tively young men and women (40-50 years ofage), yet 
perceive themselves as being on the decline in their pro- 
fessional lives. While many faculty in other fields are 
similarly past a period of peak production and creativity, 
this fact IS not as obvious or painful, for they have not 
known a position of high esteem in the acadfemic com- 
munity as have the science and (to a , lesser extent) en- 
gineering faculty.' • ^ 

Faculty in the sciences often do noi perceive them- 
selves to be teachers, but instead view themselves as 
scholars or researchers: they tend to identify themselves, 
as **cellular physiologists'', or *'developnfental 
psychologists'', rather than as **faculty members", 
**teacl^ers" or ^'educators." Faculty in engineering, as - 
in other professional training programs, tend also to per- 
ceive themselves as members of the profession rather 
than as members of the higher ^education community. 
Since they usually sacrificed salary and even prestige to 
"become teachers, however, the engineering facjulty often 
seems to be more amenable to concerns about instruction » 
than are theirrcolleagues in the sciences. ' 

While this last feature— =the self-definition of faculty * 
as members of a discipline — is not unique to science and 
engineering education, it takes on new significance when 
coupled with the previously-discussed features. To the 
extent that faculty in the sciences and engineering are 
concerned al^out instruction, they tend to be concerned 
about mastery of content that they are teaching or about 
obtaining adequate financing to keep a laboratory pro- 
gram afloat. These concerns could translate into signifi- 
cant, instructional innovations, yet such innovations usu- 
ally reqirire supjx)rt from those faculty and disciplinary 
organizations that -are primarily oriented toward research 
and scholarship. A faculty development program in the 
sciences and engineering must be responsive to these 
complex conditions.by being respectful of traditions and 
tbe disciplines, yet seeking to establish a new awareness 

2j 



cdF and support for the b/oadcr, interdisciplinary issues of 
teaching and learning. 

If we examine the faculty development activities that 
are currently found in^the sciences and engineering sev- 
eral of these unique features become even more appar- 
ent. First, most faculty development for scientists and 
engineers ha^ been provided through a program specifi 
cally designed for faculty in these Gelds. Furthermore, 
faculty in the scitences and engineering generally ha^e 
not been among the most active participants in these 
campus-wide programs. •» 

Second, a^ one might 'expect from our previous dis- 
^ cussion, most of the faculty devdopmenf prograip^spec- 
ifically f or the sciences and engineering focus on content 
updating within the discipline (for example, the NSF 
Chautauqua conferences) or on the use of new instruc- 
tional designs or technologies (for example, Post- 
leth waiters program at Purdue University for the training 
of science faculty from throughout the country in the use 
of audio-tutorial procedures). There has been much less 
concern about the diagnosis and improvement of instruc- 
tional skills* the examination of faculty attitudes about 
instruction or career development, or the improvernent of 
departmental or program planning and implementation to_ 
effectively ac^mmodate instructional innovmion. 

SomeW the most significant and thoughtful innova- 
tions in science and engineering educaUon have failed 
not because the idea was without merit but because the 
idea was not effectively introduced into the institutioa 
and/or because the faculty who were to employ this in- 
novation were not brought into the process at an early 
point or were not effectively prepared for tl^e use of the 
innovatipn. Appendix E contains a case history of just 
such a failure: the discontinuation of a new P5I program 
in the introductory physics courses at the Massachusetts 
Institute of Technology. Alternative approaches to fac- 
ulty development in the sciences and engineenng jnust 
be explored and integrated with concerns for content and 
instructional' design. 

D. FACULTY DEVELOPMENT IN DIF- 
PERENT TYPES OF INSTITUTIONS 

Just as there are important differences in the develop- 
mental concerns and needs of faculty in the sciences and 
engineering as compared to faculty in other disciplines, 
so there are significant differences among faculty in dif- 
ferent types of colleges and universities. We will be able 
to touch on only a few of these distinctions. A volume 
now being written by severad of the authors of this report 
will describe these differences in'more detail. 

The most important difference seems to l)e between 
faculty from small and large tnstitutions, regardless of 
whether or not the institutions are pubjic (state- 
supported) or private (independent). First, ill the small 
college there is usually a greater sense of community 
th^n is found in the large university. There is often a 



greater sense of alienation and ''commuterism** among 
faculty in the larger universities. Conversely, more re- 
sources are available to faculty in the large university, 
and these faculty are ex()03ed to more diversity And art 
usi^ally freer to explore their own Individual interests and 
concerns. Faculty in the small college are more likely to 

- be isolated and parochial in theif^ intellectual and insunc- 
tional perspectives. There is also a greater chance for 
conformity and stagnation among faculty in the small 

-coUege. While faculty in large universities are more 
likely to experience aoomie' small collegeifaculty are 

*more likely to sense an iavasion of privacy. 

' ,>n*gen©ral, there is a greater potential for pro- 
grammatic or-institutional change in the small college: 
faculty dev^/opn^^nt can and often has made a significant 
jclifference in thelive^ of faculty at these colleges. On the 
other hand, the individual faculty member in a large 
university can usually "get away** with more than can 
the small college faculty member, especially if he as 
tenured., He also has more resources and expertise avail- 
able to make this change successful than does the faculty 
member in the small college. In the large university, one 

, finds that faculty development usually lias only sporadic 
and unpredictable impact on faculty who are often al- 
ready involved in innovation and instructional ex- 
perimentation. 

A comparison between independent and state- 
supported institutions reveals several important differ- 
ences ambng faculty. The independent college or univer- 
sity often has a clearer^ sense of mission, especially if 
church-related, than does the state-supported fnstitution, 
which must^e responsive >^ajnultiple constituencies. As 
a result, faculty in independent institutions Usually have 
a sromewhat clearer sense of what is expected of them 

- and what they shoulH do to improve the quality of teach- 
ing and learning at the college, or utiiversity. A clear 
mission statement also allows these faculty (and adminis-'' 

. trators) to more readily bring abbut significant (funicular 
or institutional change." 

Secondly, the independent college or university is 
generally more amenable to an integration of values and 

\ education, or personal and professional needs- and in- 
terests. The state-supported institution must be more sen- 
sitjj/e than the independent to diverse values-systems in 
the community. To the extent that faculty development 
involves the exploration of educational values and/or the 
* exploration of personal dimensions in one's professional 

/ life, the in^ependent college will generally be more sup- 
portive of faculty ^development, and the environment of 
this college more conducive to this type of service. 

The state-supported college and university must gen- 
erally be more responJive to the changing needs of stu- 
dents and society. The state or community college usu- 
ally must be open to a, more diverse student body than the 
independerK college. As a result, program aiid curricular 
offerings must be more diverse at the -state-supported 
institution. These colleges and universities are also more 
directly accoujitable to off-campus constituencies: dis- 



ciphnary associations, business interests, union interests, 
Ifcgislatorsf judges ^nd so forth Both public policy ^nd 
'govemmentaL regulations also have a significant impact 
on the programs and curriculum of a state-supported 
institution — though independent col lege* and universities 
certainly are not immune to these policies and regula- 
tions. ^ 

These differences between independent and state- 
suppbrted institutions yiel^ something of a paradox, the 
state-supported college and university faculty probably 
are more in need of professional developmental services 
since these institutions are more vulnerable! to pressures 
for change and renewal; yet, conditions in the inde^nd- 
ent college and university are more amenable to faculty 
development and faculty in these histitutions are gener- 
ally more supportive 'of this type'of activity. 

Given the 'problehis and potentials associated with 
faculty development in each of these different types of 
institutions, it is essential that regional and national , 
agencies cooperate in their provision of services to these 
colleges and universities An increased sharing of exp^- 
tise and resources between small and large, independe/it 
and state-supported institutions ca&inot help but be of 
benefit to all members of the highe^ education communi- 
ty. We now turn to an examinatioli of these and other 
] serviqis that can be provided in th^ area of faculty de- 
velopment by regional and national agencies. 

E. FACULTY DEVELOPMENT 
THROUGH REGIONAL ANp 
. NATIONAL )AGENCIES . 

nje role p\ayt6 by any regional or natirJnal higher 
education agency in the area of faculty development is 
necessarily limited, for the integrity of the institution and 
the autonomy, of the.individual faculty member must be 
respected Staff or consultants representing a regional or 
national agency should rarely work irf the classroom of 
an individual faculty member — unless for den?on§tration 
purposes*. This .type of on-site consultation should'be 
provided by colleagues or an in-house specialist. Simi- 
lariy, ^regional or national agency representative should 
rarely be involved in on-going work with faculty on per- 
sonal, career or organizational problems outside the 
classroom, unless, once again, this service is being pro- 
vided for demonstration purposes (a notable exception is 
the excellent career-counsejing done by Fred.Gaige when 
he was a member of the staff at the Kknsas City Regional 
Council for Higher Education). 

A wide variety of activities and services, nevertheless, • 
are still open to a regional or national agency. We have 
identified eight such activities or services: (L) providing 
direct consultation to college and universities on broad * 
organizational or institutional issues, (2) providing inten- 
sive residential workshops for faculty from two or more 
instituuons, (3) helping to arrange for inter;institutional 
exchange or sharing of human or physical resources, (4) 



assisting a college in planning tor and implementing a 
faculty development program, (5) training faculty or ad- 
ministrators from colleges in the use of faculty develop- 
• ment methods and instruments, (6) providing confer- 
ences and workshops on topics of common interest to 
faculty from several colleges,^ (7) helping colleges to 
evaluate and disseminate learnings from an on-going 
faculty development program, and (8) conducting jnter- ^ 
institutional research projects to further the higher educa- 
tion community's general understanding about teaching 
and learning, and faculty growth and develppment. Fol- 
lowing is a brief descnption of each type of activity with 
one or more examples of a program of this type, being * 
conducted by a regional or national agency. 

While individual consultation with faculty on a cam- 
pus IS usually not appropriate, a regional or national 
agency can be of significant assistance in providing con-, 
tsultation to an academic department or division, a pro- 
gram staff, a faculty committee or even an entire faculty. 
At the College' Center of the Finger Lakes (CCFL) in 
Corning, New York (a consortium of small, independent 
colleges) this type of organizational consultation has 
been offered by both staff and consn^ltants with 
considerable success. In many instances/an external per- 

% son can provide more effective and objective consul^- 
tion on problems that involve many people in the institu- 
tibn than can an internal person. 

This type of service may be more appropriate for a 
consortium than a national higher education association 
or funding agency; however, virtually any direct service 
by a national agency will inevitably involve some small 
or large group problem-solving (organizational de- 
velopment). The Council for the Advancement of Small 
Colleges (CASC)' has effecUvely provided this type of 
service through its faculty development mentorships (See 

^ Appendix F) and its Title III Comprehensive Institutional 
Development program (the Small College Consortium). 
The national -level Strategies for Change and Knowledge 
Utilization (SCKU) project, which was funded by the 
National Institute for Mental Health in the early 1970's, 
aiso provided direct organizational developnfent consul 
tation to participating colleges (Lindquist, 1977). 

Perhaps the most successful activity provided by 
inter-institutional agencies has been the intensive, resi- 
dential workshop for faculty (see Appendix G for a de- 
, scription of this "type of workshop). Several regional con- 
sortia offer this service: CCFL, Great Lakes College As-^ • 
sociation (midwest colleges>and the Seattle Area Faculty 
Development Consortium (newly-formed group of 
small, independent colleges and large, state-supported 
universities). At a national level, CASC, the Project for 
Institutional Renewal tijrough the Improvement of 
Teaching (PIRIT) (Jerry Gaff, Director; Washington, 
DC) and the Association for Innovation in Higher Educa- 
tion (Edward Stev^, Director, St. Petersburg, Florida) 
offer week or two-week long workshops |hat faculty at- 
tend to improve their own teaching as well as gain new 
skills ^s faculty development con.sultants. 



This ty^ of workshop is most ef^fectively initiated by 
a regional or national organization, for such an agency is 
uniquely able to bring together^oul^y from a variety of 
institutions, (levelop a oo§t-sharing process th^t signifi- 
cantly reduces per-institution expenses, and attract 
major, national consultants. The intensive, residential 
workshop is one of the f^w services tRat such an agency 
can provide which will havH tangible Vnd personal im- 
pact on individual faculty members in their daily prbfes- ^ 
sional lives. If such a 'workshop is follov/ed up with 
on-campus services being provided by local resources, 
then the impact of the intensive workshop can be even 
further amplified. 

*' One of the traditional and certainly most important 
activities which regional and national agencies in higher 
education can provide is the promotion, planning, and 
implementation of programs for the exchange of human 
and physical resources Many consortia have provided 
mechanisms for the exchange of faculty, studerit credit 
flours Equipment acr^ssxampuses'. Cooperative inter- 
campus programs jjave ^»been established that further 
the development of both «lents and faculty. CCFL, fo^r 
instance, offers courses iiune Bahamas on such topics as 
'manne ecology, field archeology and the cross-cultural 
study of values. These courses could not have been fi- 
nanced by any one of the CCFL colleges. 

XlfiiSC has recently initiated an i^r-campus exchange 
program which wilP even more effectively promote fac- 
ulty, as well as student leammesc Several times per year, 
CASC will offer an experimemal college that is created 
for a short period of tinfe (two weeks to twp months) then 
is dissolved. The learnings of faculty'(from CASC col- 
leges) who will teach in the experimental college^e as 
important as the learnings of students (also recruited 
from CASC colleges). The CASC Experimental College, 
becomes- a testing grpund for new cumcular ideas pr a 
training ground for the development of oew instructional 
skills. Students will serve not only as learners, but also 
as diagnosticians, co-designers and e valuators. The Ex- 
perimental College faculty, in cpllaboration with other 
members of their home college, will develop ai plan for 
t^ie on-campus dissemination 'and use of learnings from 
the experimental college. 

' Several national agencies hav§ supported the creation 
of networks fof the disseminatiqji of information about 
human and physical resources, thereby promoting the 
exchange of these resources and faculty development in 
general. N^XUS. (American Association for Higher 
Education: AAHE^, Resources, for Planned .Change 
(America Association of State Colleges aiid Univer- 
sities\ and the National Consulting Network (CASC) 
exemplify this approach. 

The fifth service, assistance in planning for and im- 
plementing faculty development programs, has been 
provided by many national associations.' A AHE offered a 
series of national artil regioiial conferences on faculty^ 
development in 1974 and 1975 which served as catalyst^* 
for the faculty development movement in subsequent 



ye^rs. CASC and PIRIT provid^ not only national con- 
ferences, but also on-campus owisultation to college? In 
their design of jfaculty development programs. A national 
agency can provide a staff member or consultant who not * 
only tWds a detached perspective aboOt the needs and 
resources of tfie college or university, but also can bring 
prestige (legitimization) and insight from knowledge of 
numerous other faculty development programs. 
. While assistance in the planning and implementation 
of a faculty development program can be of value, a 
regional or national agency can be of even more help if it 
assists in |he design and implementaUM of a training 
program for faculty development petitioners. The 
state-of-the-art, as noted above, is sufficiently advanced 
(though disorganized) that a new practitioner can make 
significant use of existing knowledge in the field and 
training in skills associated with faculty development. 
CASC has offered an extensive training program for 
forty-five faculty -from CASC colleges (See Appendix F 
for a brief description of this program). Other training 
programs are now available through the Professional and 
Organizational Development (POD) Network for Higher 
Education (Mary Lynn Crow, Director, University of 
Texas at Arlington) and, to a more limited extent, the 
NTL Institute (Washington DC). Training programs oT 
more specific nature (instructional design and develo] 
ment) are offered by Syracuse University (Robert 
Diamond, contact person) and Michigan State University 
(Larry Alexander, contact person). 

A^national association or funding agency can influence 
the quality of professional development services for fac- 
ulty through a training program. Extensive evaluation of 
the CASC training program reveals that faculjv and ad- 
ministrators at the fj^icipating colleges te^d tS^spect 
the newly-acquired knowledge and skills of^the flhs^lty 
trainee and make effective use of this person. CASC ahp 
discovered that it was able^to have a significant impact 
on the teaching-learning processes at mapy of the partic- 
ipating colleges. 

Another faculty development .service which many re- 
gional and national agencies provide is the conference or 
workshop on a topic of interest to faculty from several 
different institutions. CASC, for'instance, has offered a 
series of regional and liational conferences on cUrricular 
reform which have been attended by CASC college fac- 
ulty. The NSF Chautauqua conferences also fit into this 
category, as do the regional curricular conferences con- 
"-ducted by A'AHE under the sponsorship of the National 
Endowment for the Humanities (NEH). Both the NSF 
and NEH conferences have been particularly successful 
because they are regtunHfan(^ reflect the current interests 
of faculty. 

The^ final two services to be described concern the 
promotion of research and development activities in the 
fie/d and the establishment of effective vehicles for the 
semination' ofJ^mings» from these activities. First, a 
naJ or nafionajS gency can help a college or univer- 
evaluate and learn from its faculty development pro-' 
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graiDt CASC has provided **illumindtive evaluation" 
(Parlett and Dearden, 1977) services to tvventy-icight of 
the colleges participating in its ^Advanced , In-Service 

' Faculty Envelopment Program. This * * formative ' ' model 
of eyaluatioli focuses on what the impacts of tfte program 

, (e;^pected pr unexpected) havfe been and why^ theyi oc- 
cuncd; rather thaq dh the issue of whether or not a par- I 

V ticular desired outcome has occurred. Jerry Gaff and ^ 
c6nsultants to the PIRIT project m providing similar 
services to participating colleges through the provision of 
expert a4vice on evaluation design and instrumentation, 
and on-campus interviews with key adnr^inistrators, fac- 
ulty and program participants. * * > 
^ A regional or national agency can also h^lp a college 
or university disseminate its learnings about faculty de- 
velopment through many different forums: national or 
regional conferences, publications, resource networks, 
intercampus exchange of program participants and/oi; 
faculty development practitione^, short-term consigna- 
tions at other colleges by^embers of the program staff, 
low-cost off-campus consultation (via telephone or satel- 
lite-transmitted closed-circuit television), or a training- 
of- practitioners program. 

' ^ Finally, the promotion of faculty development 
sAyices can take place if a national agency supports, 
sponsors or funds an inter-institutional research project 
' /on faculty development. The njost notable project of this 
\r type to date is SKCU. Jack Lindquist and his colleagues 
studied planned change and knowledge utilization at 
more than dozen colleges and universities of widely 
divergent size and character, in order to derive general 
principles concerning these processes. Such a^roject, of 
comparable scope a'nd with an equally* talented staff, is 
needed to study faculty devel6pmept practices. A recent 
ETS project, conducted by John Centra (1976) and spon^ 
scM*ed by the Exxon Foundation, represents* a first step in 
this direction, but certainly is not adequate as a fmal 
statement. Long-term longitudinal observations (even ^ 
participant-observations) are needed tp build, on the 
Lindquist work. Such a research base would be helpfftl to 
on-c'ampus pracdtioners, tegional and national organiza- 
tions and funding agencies as they plan for future direc- 
tions in faculty development programming. 



F. SUPPORT FOR FACULTY 
DEVELOPMENT BY FUNDING 
AGENaES 

At present, several general observations, can b^fhade 
about the role played by most national-level funding 
agencies ip the promotion of faculty development efforts: 
(J) the funding agencies tend to provide funds for pro- 
jects y based on the merit of the proposal, rather than for 
people or organizations, based on the past or potential^ 
ability of this person or organization to effect needed 
change in the institution; (2) the funding agency rarely 
intervenes directly in the life of the funded institution 
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eXdept *to provide **5ummative" -(judgmental) evalu; . ' 
atioiis; (3) some funding agencies conduct or sponso? 
national or regional conferences on faculty development 
for the dissenrytation of information about funded pro- 
jects, for jthe presentation of new concepts, or for the 
^ii^cussion of' issues that are of concern to t|^ agency; 
and (4) several fun(ifng agencies are'becommg increas- 
ingly concerned about the dissemination and use of learn- 
ings from and products of faculty development projects 
that they have funded. We will briefly discuss each of 
these four general observations, then briefly discuss cur- , 
rent NSF programs. > „ a 

Virtually all funding agencies that currently support 
faculty development programs have pnmarily if not ex- 
clusively fun^ied programs rather than individuals or or- 
ganizations. Probably the most notable exception has 
been the Danferth Foundation Fellows program which* 
provides individual faculty memb>ers with conferences 
and funds for the development of campus» projects. 

From research on diffusion-of-innovation (Lindquist, 
1977) we know that people often are more important than 
ideas when it comes to implementing a new program. 
Funding agencies should thereforexpnsider assessing |be^ 
capacities of institutions or individuals to" effect desired 
, changes. If a person is at a critical point in. an informal 
,commum*cation ne^twork, holds exceptional credibility 
with a certain faculty population, is skillful in under-^ 
standing tHet complex dynamics of a specific kind of 
organization or institution, and/or is skillftffin planning 
for or implementing a certain Mnd of change, then he 
might receive funds for a specific' project or support . 
(training, release time, assistance) for his current work. 
'Alternatively, the foundation might sup|X)rt an appren- 
ticeship program so that other people can learn from this 
individual, or an evaluator-researcher might be assigned 
to this iiidividual to determine the nature of his impact 
and the reasoivs for his effectiveness. A ^similar case • 
could be made for th^ funding x)f a specific college or 
university which is situated at a critical junctiye in a ' * 
knowledge dissemination channel (not necessarily, at the 
entry point to this channel-r— as is usually the case with 
prestigious research-oriented universities). , ) 

A second general observation concerns the lack of/ 
direct intervention by the staff of funding agencies. 
While it is usually inappropriate for a funding agency to 
become directly involved in the daily operations of a 
program, it is equally inappropriate for the agency to 
limit Qs^ interventions to'summative evaluations. The' . 
agenj^ staff, or consultants to the agency, should be 
involved in formative evaluation: they should provide 
members of the program staff with observations, diag- 
noses, recommendations and hypotheses that can be of 
value in the improvement of the program. 

The formative function enables mem^^ers of the 
agency staff to gain a more accurate and detailed under- 
standing of the program they have funded than is possi- ^ 
Sle when they only read a yearly or final report of the 
program staff or when they make a summative on-site 
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Visit once a year. 'With mgre frequent, formative visits, 
the staff can become increasingly insightful about the ^ 
. ' ' processes of change and knowledge utilfzation on a col- 
lege canjpus, thereby -becfiming more effective in the 
assessment of new proposals and, in tOqunore effective 
in subsequent formative (arid summative) evaluations of 

" programs^that are funded. 

Formative evaluations of faculty development pro- 
grams have been conducted for the Lilly Endowment by 
,Malcolm Parlett (ParleVand Dearden, 1977). Using 'il- 
luminative evaluation'* procedures. Parlett was able to 
provide the foundation and program staff with new in - 

- sights into the dynamics Jbf the.program and its relation- 
ship to the milieu of the Institution. Th]s evaluative pro- 
' cess might have been evrfn more profitable if ojie or more 
members of the foundation staff had joined Parlett in 

' conducting the Svaluatfon. 

The chancellor*s office of the California State Univer- 
sity and Colleges system has recently hired one of the 
authors of this report (Wilham-Bergquist) as a part-time 
consulta^j^^evaluator for several innovative programs that 
it has just funded. Bergquist will provide evaluative ser- 
vices to the campuses while also being actively involved 
in helping each program staff plan for and- design its 
innovative program. Members of the chancellor's office 
staff will occasionally work directly with Bergquist dur- 
ing his Visits to the funded campuses, in order to l^am 
more about the program, to ad^J their own considerable 
insights, and to break down the typical isolation and 
alienation between a program staff and r»epresentative of 
.the funding agency. , 

Our third observation, that national and regional con- 
ferences are. fairly common faculty ilevelopment ac- 
tivities of national funding agencies, reflects the domin- 
ant concern of these agencies^with the dissemination of 
new ideas and, innovations. Conferences and workshops 
are certainly an essential ingredient in any dissemination 
process, as are pubhcations and denjonstration projects. 
The most important step in a dissemination process, 
however, does not take place at a conference, ii) a book 
or on another campus; rather, it takes place onuhe home 
can^pus of the person who has heard about or read about 
the idea. This person irceds help ii^ developing and im- 
plementing strategieyf or effective on^campus dissemina- 
tion. Funding agencies must become increasingly sensi- 
^ tive to this on-cknpus follow-up. By devoting part eft a 
conference to pWlpning for backhome implementation, 
the dissemination process becomes more effective. 
Low-key, on-campus or off-campus (telephone, closed- 
circuit television) consultation is ofteJi even more usefqL 
There must also be increased concern for the problems of 
use, once the new idea or innovation has been 
disseminated— which Ifeads us to the fourth observation. 

Funding agencies are becoming increasingly con- 
cerned about the fact that many of the projects they sup- 
port as experiments or demonstrations have not had a 
significant impact on programs at other colleges and uni- 

. versities. Among agencies that support faculty develop- 
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ment programV^, the Kellogg Foundation has probabiy 
done the most about this concern This foundation has 
initiated a major program to assist the staff of successful y 
faculty development pQojects (that Kellogg previously 
funded) with the effective dissemination and use of learn- 
ings from and products of these projects The staff for 
this Kellogg program (headed by Jack Lindquist, Uni- 
, versity of Michigan) is trying to understand the ways in 
which new faculty development practice3 gain 'accept- 
ance and become integrated with the ongoing activities 
of a faculty ^velopment program. 

When we turn specifically Jo, the National Science 
Foundation, several general observations ean bethade. 
First, the a^KMties gf NSF clearly reflect the dominant 
interest of science and engineering faculty in keeping up^ 
with their 'discipline and restructuring, their coursesjlie 
TIAS program is oriented toward the preparation oF^ - 
young scientists in their discipline. The CaautauqiW 
short coursed are primarily concerned mthln^jiL^^- 
velopments in the discipline and with new'inswfoional 
designs. The CAUSE, ISEP and LOCI pxo^m^t 
pnmarily concerned' with course or cunicu^^ redesign 
and/or with the use of new equipment or m6re effective 
use of traditional equipment. 

Second, NSF programs are primarily focused on the 
professional development of faculty. These programs re- 
late to faculty as instructors, researchers, and scholars, 
but seem to be less involveci with personal and organiza- 
tion development aspects of faculty development. Only 
in the case of the Women in Science program does there ^ 
appear to be a dominant concern for the more personal 
aspects of the science or engineering faculty member*s 
professional life.^Jhere is' also apparently no NSF pro- 
gram which deals directly with organizational and in- 
stitutional dysfunction as it effects the faculty member's 
pmfessiojial performance or the irtiplerflentation of in- ^ 
' suiictional innovations. 

Third, the National Science Foundation has dearly 
opened the door to new and innovative approaches to 
the evaluation of programs it has funded. The 1977-78 
program evaluation prdposals that have been requested 
by NSF will hopefully meet the rtML^or flexible and 
ibrmative approaches to th^^dy oT^ complex social 
process— faculty development. IT the NSF staff can be 
act'ively involved in at least someof the formative evalu- 
' atibns,'then potentially both they and the program staff 
will gain new insights 'into the nature of change and 
instructional innovation in contemporary colleges and 
universities. 

G. recomIwendationsforthe 

NATIONAL SCIENCE FOUNDATION 

In writing this paper, we have not viewed our primary 
. task as being one of making spegfic recommendations to 
NSF. This would be presumptuous, ^iven our lack of 
knowledge about the emerging goals ind priorities of this 
agency. Rather we have tried toprovicfe several different 
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perspectives on faculty development which are sugges- 
tive of new program initiatives for the NSF The. NSF 
staff an(^ advisors must draw out those implications that 
seem most appropriate to NSF given its content and mis- 
sion Several concerns, however, stand out *is we bnng 
this paper to a close -These concerns should be given' 
serious consideration by NSF^an(J should be directly re- 
lated to NSF program initiatives and prjonties We have 
''summarizied tHl% concerns m the following list of eight 
program recommendations: 

RecommendatiofvOne — tn recognition of'tbejnfluen- 
tial role played by disciplinary organizations, we suggest 
that NSF encourage these organizations to experiment 
with alternative delivery systems (other than conven- ' 
tions, conferences and publications) for disciplinary up- 
t datina^ The delivery systems might include video car- 
tridges, audio cassettes (for home,> office and car), 
satellite-transmitted closed-circuit television (now used 
for continuing education in medicine) and public televi- 
sion 

Recommendation Two —The National Science Foun- 
dation should provide more support for those profes- 
sional societies that are dedicated to education, for 
example, the Americart Association of Physics Teachers, 
the National Association of Biology Teachers, the Edu- 
cation Division of the-American Chemical Societ> and 
the Association of Education of Teachers in Sc^en^e 
These associations should be encouraged to explore new * 
approaches to instructional development,^ to become ac- 
quainted with advances in the field of faculty develop- 
ment and to work more closely together A recent con- , 
ference was held at the Wingspread Conference Center in 
Racine, Wisconsin, on the role of faculty developnient in 
the humanities (co-sponsored by the Johnston Founda- 
tion and the Society for the Study of Values in Higher 
Education) A comparable conference might be>on- 
ducted on the role of faculty development in sciences and 
engineering (co-sponsored by NSF and the Johnston 
Foundatioil^ Participants might include representatives 
from the professional science and engineenng education 
societies as well as practitioners iiKthe field of faculty 
development. mtM. 

Recommendation Three — NSr^Ibuld continue to 
sponsor reseaorh on educational processes in the sciences 
and engineering Educational research in the disciplines 
must gain more status Ft is entirely appropriate for^a 
teaching-oriented college or university to sustain and en- 
courage research on the educational processes of the in- 
stitution. NSF suppok for some of the journals on re- 
search in science teaching might bd helpful Petjiaps of 
even greater value would be NSF support for anicle/on 
educational research that are published in the major ,^ 
research-oriented disciplinary journals Thero^ipiust also 
be program initiatives that encourage non-traditional 
means for the dissemination and use of the findings from 
this research. 

Recommendation Fr^wr. —Alternatives to the tradi- 
tional sabbatical programs for faculty must be explored 
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Faculty often di^not want to leave their hptne town for a 
year, nor are sabbaticals very frequently fcund to be of 
significant value, ^nless carefully plai;ined by both the 
faculty member and^Colleagues who mijht make use of 
learning from the sabbatical. Professional -graw^th con- 
tracts can maximize the value of^he sabbaticaK Shorter 
sabbaticals niight be, tned. For example, the one , to 
two-week intensive worksh^^ps that are de.'^cribed above 
and in Appendix 6, if carefully designed, Can yield as 
significant an impact as the loo.sely planned semester or ^ 
year-long sabbatical. Instead of a sabbatical a faculty 
member might be given support for an Assistant to help 
out in the first semester of a newly-dpsigned course or to 
K evaluate the effectiveness of this new design. 

Recommcndatton Five. — NSF cart htel^ faculty in 
small colleges and teachmg-onented universities to in- 
crease their self-esteem and be of mcreasing value ta - 
their community , by promoting their use in solving prob- 
lems of the local region. In the State of California, for 
instance, small cpllege faculty who specialize in horticul- 
ture could help towns to selecl plants for park§ and road- 
ways that need little water. Also, engineers could be 
Used on a regional basis for designing.solutions for rather 
local problems. " 

The small colleges and teaching universities that can- 
not afford expensive equipment might,> in 'turn,> be as- 
sisted by lousiness or public service organizations that 
-have equipment and laboratory space available^at certain 
times for use by faculty and students. NSF could help get 
these exchange programs off the ground and sustain them 
for a year or two until logistical problems are solved, and 
mutual trust and credibility is established. 

RecommendatHm 5/,t.-^NSF should consider a pro- 
gram for the training of faculty development practition- 
ers in the sciences and engineering. Highly respected 
faculty from different kinds of institutions coiild be iden- 
Ufied and recruited, based on their-central po^sition in a 
college^disciplinary association oriTiformal communica- 
,tion network, their professional interest in science or en- 
gineering education, and their personal comtfiitment to 
working actively with other faculty members. These po- • 
tential practitioners, with demonstrated support from 
their home institutions, would be provided with training 
in a variety of faculty development practices (for 
example ,.m'structional diagnosis anrf instructional design 
consultation) and \yould apprentice with another faculty 
member (mentor) from a comparable Institution who has 
already become a successful practitioner. The training 
- program should incorporate personal and organ izj^^nal 
as"^ell as instructional developmein practices. 

Recommendation Seven. — NSF should Jielp finance 
research on and discussions about-^the developmental 
^eeds arid motivations of faculty in the sciences and en- 
gineering. We are stilT ignorant about these issues, and 
^will never be able to adequately design faculty develop- 
ment prograrps' to inee^*(hese diverse and comple^j needs^ 
unless we more full/understand them. 
Rci (Mwnendatij/ii Ki^ht, — Over the n^t tert years, the 



greatest challenge that will be faced by faculty develop- 
ment practitioners, and other faculty and adininistratoi-s 
who are interested in the welfare of faculty, is the design 
and implementation of programs for faculty who must 
undergo significant career transitions. There are at least 
five levels of change that many science and engineering 
faculty will face during the coming decade (See Table 7). 
While the first two or three of these levels can be handled 
within the context of current faculty development prac- 
tices (with the assistance of an agency such as NSf ), the 
last two or three levels require new programs and even 
new institutions. 

•Retraining institutes probaWy will have to be estab- 
lished independent of existing colleges and universities, 
for the politicization and resistance associated with a 
retraining program would immediately destroy or distort 
this very subtle process. The institute staff will have to 
develop, or help a college initiate processes to, the as- 
sessment of current and potential faculty resoul^es and 
needs, if faculty are to be encouraged to shift disciplines 
(level four) or leave higher education entirely (level 
five), then their skills, aptjtudes and interests must be 
assessed to determine which other disciplines or occupa- 
tions might be most compatible. 

Disciplinary and occupational retraining must incorpo- 
rate rapid and highly efficient procedures for the acquisi- 
^ *tion of th9 essential knowledge and skills in the discip- 
line or occupation; in addition this new expertise must be 
fully integrated with past experiences and expertise so 
that the faculty member might provide a distinctive and 
highly valued, interdisciplinary perspective, as one who 
is knowledgeable in,at .least two fields. Disciiflinary re- 
training should also include a s^es of sessions on course 
design and instructional methodology. Even though the 
faculty member might be able to use the same designs 



^ and methods that he used in his previous discinjfne, this 
retraining period provides an excellent opportunity for 
the faculty member to consider new instructional 
strategies and thereby become even more effective as a , 
teacher and valuable to his n^w colleagues. 

The institute must provide the faculty menlber (and 
family) with, a supportive environment for the retraining 
* process. Life and career planni^tg and supj^ortiVe coun- 
seling should be offered td those^culty who want or 
need it. The institute should be designed to maximize the 
faculty memberXseQse of self esteem, as well as the 
esteem ,that wUl be assi^'ed to hipi by his new col- 
leagues' The mculty member should be introduced, 
some of the most prestigious and exciting/ thinkers in the 
new fidd and should be encouraged to be^me a creative 
thinker in his new^field (with the valfi^ble perspective o'f 
his second discipline). . \. ' 

This type of retraining program will be very difficult , 
" to design and implement. Members of the institute staff 
•will haVe to work closely with not ofily the faculty; 
member who is being retrained, but also the acadeniic 
department or new employe!^ y/ith. whom the faculty . 
member will be working. NSF should seriously consider' 
• the sponsorship ^f a demdnstration program of this type 
for faculty in the sciences and engineering. ' 
• These eight recommendations represent some*i)f*the^ 
more interesting or particularly important directions An 
which NSF irJght mojve in its attempt to assist science 
and engineering facultj^in their continuing development. 
Some of the recommended programs can be rather easily 
implemented; others, such as the last^ne on faculty re- 
training, will 'take xonsic^erable time and resources. 
Hopefully, some, of these reconnriehdations and recorn- 
mendattons that emerge from the previous general dis'- 
\cu9sion will be both feasible and significant' 
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Table One.— List Faculty Development Activities* 
TO FACULTY MEMBERS: 

For an individual, the strategy is to change environments, to 
risk new'cxposurcsy to alter habitual patterns, to undertake new 
challenges. 

Take oto a new Job temporarily: 

1. Exchange witlfln your college (a sociologist and a his- 
^ tori an switch jobs for a term) 

2. Accept a visiting pfofess(Xship 

3. Exchange with a departmental colleague in another col- 

' lege 

. 4, Negotiate a three-way exchaijge (e.g., an economist 
from College A to B, a physicist from B to C, and a 
political scientist from C to A) 

5. Exchange with business or industry (e.g., a professor 

of finance with a corporation's trust officer) 

6. Exchange with a governmental agency (e.g., a geo- 

graphy prof&sor with a state planning officer) 

7. Exchange with a foundation (e.g., a profes&rf^of edu- 

^ cation with a foundation project directo(b 

8. Accept a limited term appointment with busir^s, gov- 

ernment. CM" a foundation ^ 

9. Arrange a special administr^ve assignment within 

your college ^ 
Seek patterns of interaction: 

10. Participate in departitiental colloquia 

1 1. Participate^in departmental colloquia outside your dis- 

cipline ^ 

12. Attend Chautauqua-typc short course programs 

13. Audit courses in your field or cognate fields 

14. Participate in improvement of instruction seminars 

15. Enroll in a continuing education course 

16. Team with a collea^e for pure or applied pedagogic 

research 

17. Enroll in a new degree program 

18. Participate in national and state conferences 

19. Organize and participate iifHuncheon sessions on the 

improvement of instruction 
* 20. Share the first draft of Research papers with colleagues 
at a departmental colloqMium 

21. Affiliate with a research institute on a part-time basis 

22. Arrange a joint appointment with two departments 
• and/or two separate institutions 

23. Seek out professional, colleagues familiar with objec- 

tive test design, essay test construction, evaluation 
strategies, etc. 

^ 24. Make ar$ item analysis of answers to identical examina- 
tions given to two classes taught by two different 
instructors. 

. 25. Visit facilities on other campuses and invite them to 
your campus 
,^ 26. Visit secondwy schools ^ 
*27, Organize a panel on career opportunities within your 
J* ^ discipline X 

Develop a contract between the department and your- 
^self on a specific area of personal development that • 
you wish to pursue in the year ahead ^ 



•From: David G. Brown ind William S. Hanger, ''Pragmatics of 
Faculty Self-Dcvelopmcnt."£jMca//omj//?f cor J, 1975. 56. 201-206. 
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- 29. Participate in consortia activities— teach through the 
consortium in other departments; write a grant pro- 
posal for support of a consortium project ' • 

30. Set up monthly meetings with practitioners in an area 

(e.g.. the faculty of accountancy to visit with the 
personnel at a public accounting firm, the faculty of 
niarkeung to lunch regularly with the marketing 
department of department stores) ' 4 

3 1 . Join a committee about which you know very little, or 

resign from a committee that is not contributing to 
^ / • your growth or that dojjs not find you offering new ' 
ideas 

32. Schedule- brown bag sessions to discuss life and careers 
i - of persons such as Benjamin Franklin 

33. Sponsor a session at the prigfessional convention on 

teaching' techniques within your discipline 

34. Enroll in an education vacation program^ 

35. Form a group to view films or go to plays 

36. Join a group to watch a prearranged series on public • 

television 

37. Attend the artists series on your campus 

38. Make a concerted effort to attend 30 of the special 

l^tures on your campus in the year 

39. Partic^ate in the "outward bound'* program ^ 

40. ' Take an educational tour of your own campus 
Read:' 

41. The professional disciplinary literature 

42. The literature. of higher education (e.g., Educational 

Record Chronicle on Higher Education, the* 
Jossey-Bass series on New Directions for Higher 
Education, the "Yellow Pages of Undergraduate 
Innovations/' "Innovative Improvements Within 
theC.I.C.,*' "Future Talk*') 

Write: 

43. Submit, a faculty development or grant proposal to an 

outside funding agency 

44. AuthOT a new degree progrartf 

45. Publish articles, monographs, books, book reviews, 

poetry 

46. Form paper institutes that provide a mechanism for 

scholars from different disciplines to identify to- 
^ gether in an interdisciplinary effort such as statis- 
^ tics, genetics, human development, ecology 
Experiment while teaching: 

47 . Prepare, to teach a new course in your discipline <k in a 

cognate discipline 

48. Team teach with a colleague or student 

49. Utilize audio-visfial support systems 

50. Try one of the new teaching technologies (e. gC, * 

computer-assisted instruction, individually guided 
instruction, television, simulation,. gaming) . , 

5 1 . Teach a continuing education course 

52. Teach ai^in-service workshop fc«* practicing profes- 

sionals (e.g., tfeachers, business executives, .law- 
yers) 

53. Talk ^th booksellers and manufacturers about equip- 

ment and other new items available in your discip- 
line 

54. Take over a colleague's class in another discipline 
' when he of she is away 

55. Teach an innovative class during the summer such as a 
^ one- or two-week course in a residence hall, an 

inter-disciplinary summer sesslonL,uaULj "tensive 

^ 4 



class in « particular discipline utilizing longer 
blocks of time 

56. Teach a high school or grade school class for a few, 

days 

57. Write and distribute to students behavioral objectives 

of the courses you teach > 

58. Redesign courses along the modular or spnnt curricular 
' C pattern 

59. ^xiJtnment with the lecture methjpd ot instruction if 

J are using the discussion Approach", and vice 

/ versa ' - * . ^ 

Learn' a new.nonacademic slcill--painting, sculpture, 
photography, swimming; hiicing, family camping, 
pert charting, small engine repair, the metric sys- 
tem, computer programming 
- 61, Try the case study method " ' ^ ^ 
Develop advising skills: 

^ 62, Solicit current information about employment pos- 
sibilities for students ^ 
63. Study counseling techniques and/or human develop- ' 
mem theories 

64^. Advise a campus group (e g., fraternity, pohtical * 
group, campus newspaper) 

65. Invite a stude'nl to live with you for 24 or 48 hours 

66. Live for two days with a student in his or her residence 

hall . 

67. Entertain students in your home 

68. Interact with the professional advisers and counselors* 

on your campus to learn the deterrents to success in 
the classroom such as differing Hfe-styles, drug 
abuse, sexua] conflict, domestic afflictions 

69. Act as an adyjser for registration, change or schedule 

70. Develop an understanding of patterns of discrimination 

71. Hostaioreigii^tudeni for a year 

72. Relear^i rules and, regulations and cumculum options 

out^de the department - 

S«ck feedback: 

73. Utilize student evaluations 

74. Invite a media specialist to sit in on your class and offer 
- constructive advice 

75. Video-tape your instruction and have a group of peers 

evaluate it v \' 

76. Analyze how you spend your lime 

77. Ask each faculty member teaching a multiple section 

course to xerox lecture notes and share them with 
all other instructors in the same course 

78. Develop a peer evaluation system with a few col- 

leagues ;n your discipline or in another disciphne 

Serve: \^ 

79. Run for elective office 

80. Serve on local and/or state governmental omnmittees 

aiid councils ^ / 

81. Pursue volunteer work with a hospital board or charity 

82. Consult 

83. Serve on a national or international commission such 

as the White Houft Conference on . . . , a United 
Natiplns Conference on ...» or the Carnegie 
ponihiission on . ' . 

84. Participate in academic fairs, workshof^s, or other ac- 

tivities for secondary and elementary schools and 
counselors 

85. Expl^n the university to groups of parents 

86. PrcpaiiC recruitment materials and publications 



87. Agree to assist in the norming of exams such as CLEP 

subject matter exams . 

88. Serve on a^reditation teams such as North Central, 

NCATE, etc, 

89. Call on perspective donors of gifts and bequests, ask- 
* ing for time, money, equipment, artifacts, etc. 
^ 90. Lead a group to Europe, Mexico, Asia / 

Utilize your summers: - 

' 9 1 Attend a summer research institute 

92. Intern in business or i^ustry 

93. Apply for a summer research grant ^ 

94. Take a leave without pay to travel ' 
95 Work m another profession 

TO ADMINISTRATORS: ' 

For a college or university the strategy is to reinforce, motivate, 
and enable self-development: 

96. Introduce a resolution to your university senate on fac- 

ulty development as a faculty right and responsibil- 
ity 

97. Establish a faculty committee on the Mplovement of 

instruction — ^which can in-tum develop a visiting 
* scholar program (campus hosts eminent scholars 
' for a week), research grant programs (zero leaching 
load assignments), jj^nistraiive internship pro- 
grams? outstanding teacher or master teacher pro- 
grams, and faculty exchange guidelmes 

98. Provide person power to support faculty enrichment 

V:olloqiiia, in-house seminai^ and conferences on 
the improvement of instruction; graduate seminars 
on the improvement of instruction, colloquia with 
newly hired faculty sharing new insights On discip- 
linary and pedagogical topic» 

99. Establish a program which causes faculty to become 

aware of instructional resources on campus such 
the audio-visual facilities, the business computa- 
tion laboratory, the music listenfng center, the in- 
strumentation laborat(M7, the speech and hearing 
clinic, the language laboratory, the micro- teaching 
laboratory 

100. Organize a program an'd invite faculty colleagues to 

participate in **know your registrar's office," 
"Know your admissions office,** *'know your 
^ physical plant'* 

101. Sponsor an all-faculty workshop immediately prior to 

the beginning of the fall term 

102. Ask each department to sponsor a '*two-hour disci- ^ 
' * pline* * specifically directed toward faculty col- 
leagues in other disciplines 

103. Sponspr a workshop on researph grant opportunities 

including successful gi'ani letters and presentations 
^ by government officials and foundaObn executives 

104. Urge your president to support faculty development 

programs and individual faculty development ef- 
forts 

105. Ask alumni to make specific contributions for faculty ^ 
^ development 

106. Fill a vacancy in, 5ay, statistics with a visiting profes- 

jissor 

107. ' Hire a consultant to visit campus for two days and 

' suggest what next steps you should take for a fac- 
>uliy development program * . \ ( 
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108 Pay the tuition for a faculty member who wishes to en- 
roil at another university in the summer 

109. Fill pertain vacancies with "practitioners'* (e.g., vac- 

a»cy in business law with a practicing Jawyer) 

1 10. Establish a summer grant.program for the improvement 

of instruction 

111. Increase tr^el funds in the departments for faulty 

members ^ 

1 12. Urge deans to utilize discretionary money for faculty 

development and enrichment * 

113. Incjiease the colloquia and lecture budgets^ 

114. Hire postdoctoral teaching and research fellows 

115. Provide $20 to each faculty member so that he/she 

Vnight for one year subscribe to a professional jour- 
nal - - 

1 16. Provide a free lunch to any group of five or more 

faculty members who wish to come together and 
share scholarly papers with each other 
Streamline the procedures by which an individual may 
request and secure leave of absence and make 
explicit that salary increments will be calculated to 
an individual even while on a leave of absence 
without pay 

Sponsor a program of departmental retreats by provid- 
ing financial assistance fof meals 
M9. Provide special op{)ortunities for faculty spouses 
1 20 Sponsor an educational tour to the same departments m 
a series of nearby colleges and universitrfs 
Set aside the hour? of noon to 1.00'P.M.,. when no 
classes are meeting, for general sessions on faculty 
-development 

Award a reduced teaching load compeotively on the 
basis of submitted proposals for innovative teach- 
ing 

Make available a faculty office building where faculty 
^ maj^come together from different disciplines to be 

housed next door to one another 
Assign a professor from the statistics department to 
teach a course in statistics to the social science 
faculty 

Invite a practitioner to be "irf residence" at the univer- 
sity for a^^week 
Facilitate the^wblication of classroom aids, especially 

expanded syllabi, for use in local classrooms 
Provide lecture funds on a competiuve basis to propos- 
als tjiat onginate from more than a single academic 
departmeni 

Identify a faculty development facilitator in' each de- 
partment as a means of reorganizing a communica- 
tion network regarding faculty^development infor- 
mation * 

129. Submit evidence of self-development to promotion and 

tefWfe conimittees 

130. Encourage and reco^ze faculties who seek outside 

funding for II '*deVeropmental year" 

131. Make available a '*quality audit team that could be 

available for invitation to an academic department 
and include the possibijity of securing individuals 
from other campuses to join in th^ evaluation 

1 32. Identify a faculty member to act ^^Tconsultant for one 

tenn and charge that faculty member with visiting ^ 
the meetings of each department to discuss test 
construction, small group discussion techniques, 
the application of statistics to the discipline, etc. 
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133. Make a member of the faculty or staff available to as- 
/ sume responsibihty for becoming fully knowledge* 
able about faculty development opportunities and 
the types of activities which are ongoing and for 
. sharing these with departments 
Twice a year pubhsh a list of faculty development 

ideas in newsletter form 
Circulate film library catalogues to faculty and indicate 

, a willingness' to consider renting films" 
Provide a rotating library of audio and video tapes for 

playing at departmental meetings 
Publicly brag about the unusual successes that faculty 
colleagues* have had in the "faculty development 
area" , 

Publicize and facilitate opportunities for fellowship 
grants such as the Social Science* Research Counr 
cil, the Guggenheim FellowshiQ, etc. 
Subscribe to institutional publifl^ations describing inno- 
vanons at local campuses fcuch as the Institute for 
Improvement of College Teaching at the University 
of Michigan, the Higher Hlucation Institute at Ber- 
keley, the-CIC monogra})h on teaching innova- 
tions, the California Colleges "Future Talk" 
Send a packet of vita from a departinjttt to the same 
departments at all the colleges and universities 
s within 40 miles ' 
Provide audio* tape playback for college and university 
j: automobiles plus cassette's on instructional 
techniques, etc. . ' 
142. Ask every outside speaker to comment on what he or 
she does toJceep abreast in the field. 

Tabl^ Two, — Facult]^evelopment 
Practice^ 

. Workshops, Seminars, Programs: 

1. Workshops or presentations that explore various 

methods or techniques of instruction. 
2 Workshops, seminars, or short courses that review sub- 
ject matter or introduce new knowledge in a field. 
3. Workshops or seminars dealing with new or different 
approaches to develop curricula. 
\ Workshops or seminars on testing and evaluating stu- 
dent performance. 
Workshops, seminary, or program to acquaint faculty 
with goals of the institution and types of students 
enrolled. • *• 
6 Workshops or program to help faculty improve their 
academic advising and counseling skills. 

7. Workshops or seminars to help faculty improve their 

research and scholarship skills. ^ . 

8. Workshops, seminars, or program to improve the man- 

agement of departmental operations. 

9. Workshops or presentations that explore general issue? 

'^or trends in education. 
10. Workshops or program in faculty affective 
development — improving their interpersonal skills 
or their ability to wo^k effectively in groups, explor- 
ing educational values, and similar topics. 
\ 



*From: John A. Centra, Faculty Development Practices in U.S. 
Colleges and Universities, (Princeton, New Jersey. Educauonal Test- 
ing Service, 1976), Appendix D. 
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B. Analysis or Assessment Practices: 

Iv Systematic ratings of instrucDonjiy students used to ^ 
help faculty improve. 

2. Formal assessments by colleagues fdr teaching or course 

improvement (i.e., v^p^ns or use of assessment , 
form). 

3. Informal assessment^ bv/rdleagues for teaching 9[ 

course iitprovement. 

4. Systematic teaching or cpurse c^valuations by an ad-, 

ministrator for improvement purposes .^^ 

5. Sj^m for faculty to assess their own strengths and 
* areas needing improvement. 

6. Classroom visitation by aninsiructibnal resource person 

(i.e.^a development speciahst). upon request, fol- 
lowed by a diagnosis of teaching. 

7. Analysis of in-class video tapes to improve instruction. 

8. Faculty with expertise consult with oth^r faculty on 

teachfng of course improvement 

9. **Master teachers** or senior faculty work closely with 

new or apprentice teachers 

10. Professional and personal development plan (sometimes 

called a growth contract) for mdividual faculty 
members. 

C Media, Tcchnolo|iL. Course Development: * 

1. Speaalists otf|i||ll^us to assist Taculty in use of Jiudio- 

visual ^ds in mstniB||)n, including closed-circuit 
television. ^ - ' r 

2. Assistance to faculty in use of instructional technology 

Table Three.— livel 



as a teaching aid (e.g., programmed learning "or 
computer-assisted.insiruction). 
3 •?peclalis^s to asfistHaculty m constructing tests or eval- 
uating student performance.' ' » . ^ 

4. 'Specialists to assist individual faculty in instructional or * 

i course development by consulting on course objec- 
— ^tives and course design. ' ^ 

5. Specialists to help faculty develop teaching skills such 

as lecturing or leading discussions, or to encourage 
use of different teaching-learning strategies such as 
individualized instruction. . ^ ^ 

6. Simulated procedures which enable faculty to Team arid 

practice specific teaching skill's (e.g., micro- 
teaching). ' • « « 

7. Special professional library readily accessible to faculty 

dealing with instructional methodology, teaching . 
skills, psychology of learning, and similar topics.- ^ 
D. MlscellaneoOs Practices: . ^ • 

1 . Use of grants by facull^eiifbers for developing new or 

different approachesttJTourscs or teaching. 

2. Visitaticfns to other institutions (or to other parts of this ' 
r institution) to review educational programs or in- 

> novative'projects. *^*<5 

3. Faculty exchange prograip^ith other institutions. 

4. Faculty take courses offered by colleagues. 
)! Personal courtseling provided individual faculty mem- ' 
^ ^ bers.oj^areer goals , and other perwjnal development 

and Type of Activity \_ ^ . i 

^ ^ 



TYPE 



LEVEL 

y 

Personal/ 
Individual 



3 



Facilitate 
Process- 
Diagnosis 
Counseling 
Coaching 
I'ersonal Growth 

Plans, Contracts 
Grants 



Interpersonal 
Group 



. Intergroup/ 
^Organization 



Team workshops 
Parties » 
^ Retreats for 

Depts. 
Support Groups ^ 
Group Process 

draining 
* Fac. Sdminar 
. ^ Retrea*t|f6y 

Total t^ollege ' 
Commumty Goal 

Setfingj Problem'' 
% diagnosis. 

Planning 
Chg. Committee 

Processes 

Norms, Climate 
.Task Forces 
Surveys of Fac. 
^ Needs, desires 



. Structural 
Technical • 

Leaves 

Two Week Personal 
Growth Contract 
New Evaluanon^ 
System 

Reading Roo^n 
_ Kovide Baby- 
-sitters } 

Lounge^ •m^'m 

Redesign Depts. 

Classrooms 
Establish F.D. 

Teams 
TV Taping 
Set up forum, 

Fac. Seminar 
Chg. Class schedules 
Chg. No. of Courses 
^Chg. Require^ 
Foreign Swdy; 

Co-op plans 
Chg. Job Desc. 
Unionization 
Redesign Fac. 

Meetings 



Expert 
Knowledge 
Conferences 
Readings^ 
Visiting Expert 
. w/Indiv. . 
Teaching Clinic 
PSI training 
Exxon Tapes 

^ 

Expert Present. 

to Group 
FLjC^gaining 



Chg.^o Com- 
petency- 
Base curr.* 
NCHEMS 
Work load 
Analysis 



R&D/ 
' Demonstration 

Send Indiv. to Demo, 
of PSI ^ 

* Teaching. Fairs" 



Experimental Inner 

Colleges 
Training T^^ for 

Campus Chg. Project, 



Centers for Improve. 

of Instnictiojp^ ; * 
Support for R^h^ch 
FIPSE centers* * ; ..V 
Liberal Arts Qig. ' . 

Project > , 
Instinitional Change^* . 

Project 



•From Walter Sikes and Laurence Barrett, Case 
Colleges. 1976) 
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Table Four.— Organization, Instructional, and Personal Development 



ORGANIZATIONAL DEVELOPMENT 



C 



s 



\ 





k 

MniuigeiBent Development 


Personnel 


LeaderiE^lp 


Fiscal 


i 




^Team-Bulldlng . 


D«pai;tmental 


Inter- 
Departmental 


Inatltutlonal 






' Problem- Solving ^ 


At«e«s*lng 


Prop 


Dslng 


Implementing 



t Declslpn 


-Making 


Group Dynamics 


Goy^nancft 






f Conflict-Management ' * 


Studied Goa.la 


Dlvitrgent Goals 


t 



INSTRUCTIONAL DEVELOPMENT 

..V ^ ■ 



Evaluation of Instruction 


Self , 


. peer 


Student 



Dlagnoals of Instruction 



Observation 



Queatlonnalre 



Videotaping 







Instructional Training 


Traditional Methods 


Nontradltlonal Mtbd 






Instructional Technology 


1 

"Software" 


**Hardwar^" 







Cur 


rlQulum Development 


Courac 


Department 


Institution 



PERSONAL DEVELOPMENT 



Dlacuaalona about Teaching 


, Interviews 


Seminars " 


A' 




Peraonal Planning 


Life 


Career 






Interpersonal Skllla Training 


Communicating 


Helping 


Solving 


\ 


t 


Personal Growth - 


Expressiveness 


Creativity 


Awarenesa 




> 


^ "*Per Sorts 1 Counseling 


Supportive 


^Xh«rf peutic|* 





♦From: William Bcrgquist and Steven R Phillips, ''Components of 
an Effective Faculty Development Program'% Journal ofHieher Edu- 
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Table FTve^yMeta Scheme 



1/ 



> 

1 



STRUCTURE 



Instructional Development 
Consultation and training 
on course design, . 
curriculum reform and 
educational technology 

Oroanizational Development 
Evaluation of faculty 
Faculty reward system 



PROCESS 



Instructional Development 
Classroom observation, . 

diagnosis and training 
Training inr interpersonal 

and small group skills 
Training in put of class 

skills as^iated with 

faculty roles 



V 



ATTITUDE 



InstructionaVDevelopment 
Promotioil of alternate - 
instructional methods 
^ Discussio'ns about teach- 



Values Clarification, 

Personal Development 
Life and career planning 
Counseling 
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Instructional Development 
Curricular an<) course 

design consultation 
Interdisciplinary and 

team teaching, 

OrQanitational Development 
Departmental reorganiza- 
tion 

Use of space and time 



/nstructtonal Development 
DiSciphne or department 

centered instructional 

training programs 
Peer observation and 

feedback 

Organizational Development \ 
Groiip process observation 



Instructional Development 
Knowledge^utilization 
Departmental/divisional 
retreats 

Organizational Development 

Team-building 

Support groups 



3 

I 



Community Development . 
Communication and support 
networks 



Institutional Development 
Research and develc^ment 
center 

Faculty I^elopment 
Program governance 



Community Development 
Intergroup negotiation 

Institutional Dev^elopment 
Implementing development 
programs . 

Faculty Development 
Program planning and 
implementation 



^ommunitp Development 
Community building 

Institutional Development 
Development of support 
for change 

Faculty Development 
Generating program 
support 



i 



Meta-Developmenu 
Funding 

Eatablishment of formal 
networks and consortia 



Afeta.*Det;eiopmenl 
Define and clarify new 
I. change oriented 
/ professiona . - 
Continuing education for 
educational change 
agents 



Meta Development 
Publication of books, 

periodicals, etc. 
Demonstration projects 
Cooperative research 

projects 



•From: William Bergquist and Steven R. Phillips. A Handbook for 
Faculty Devehprntm. Volume 11 (Washington'D.C . Council for the 
Advajic^menf of SmuW Colleges, 1977), p 9 
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Table Six.-Current Status and Potential Future of Instructional Improvement 



Current Status 



Potential future 



Few institutions have programs. 

Few faculty are involved. 

Participants are primarily volunteers. 
« 

Faculty participation is limited and irregular. 

Participation is an **overload.** 

In-scrVice development is a periph'eral activity. 

Budgets and resources are modest/ 

**Soft** grant monies are a major source of funds. 



'ew institutional policies support teaching * 

effectiveness or professional development. , N 
Few permanent instructional-improvement centers 

cond|uct professional development. 
Few staff members have training and experience 

in consulting with colleague^. 
Little evidence of effectiveness of programs exist. 
Impact is limited to selected institutions and 

faculty members. 
Modest reforms aimed at better teaching are underway. 



Most institutions have programs^ , 
All or more faculty are involved. 
^ Participants feel some external pressure to 
participate. 

Faculty participation is regular and continuous. 

Participation is provided for in normal workload. 

In-service development is a central activity. 

Budgets and resources are adequate. 

**Hard" institutional monies are the major source 
of funds. " 

Many policies support teaching effectiveness and 
professional develq)ment. ' ' 

Instructional-improvement centers providing pro- 
fessional development are permanent! 

Many stafTmembers have training and experience 
in consulting with colleagues. 

Convincing evidence of effectiveness exists. 

Impact is widespread among institutions and faculty. 

Ejoensive improvement in instruction and wgani- 
Jntional operations are made. 



Jerry Gaff, Toward Faculty Renewal (San Francisco- Josscy-Bass, 1975). 



7 


■» 


J? 

Table Seven. — Five Levels of Change for Faculty ^ 




Level of 


^ * Nature of 


Consei^uence 
of Change ^ 


Resources for Change 


Change 


Change 


Institutional 


Faculty 
Development 


One 

1. , 


• Change in one segment of a 
new course or - 
Use of new insmictional 
noethod 


• Faculty member experiences 

new challenge: renewed 
interest, excitement, 
performance anxiety 

• Faculty member must learn 

some new content and sialls 

• T^aculty membe^Mely to^ 

temporarily'expehence- 
some failures , student 
dissatisfaction and 
. ^confusion. 

« 


• Mini-Grants ($50-500) 

• Mini-Sabbaticals(l-2 ^ 

weeks) ^ ^ 

• One-time.**^xperimentar* 

courses 

• **Error-embracing" 

environment and reward 
system: tolerance of 
temporary increase in 
error rate of faculty 
member 


• Shdirt-term design 

consultation 

• Instructional design and 

methods workshops 

• Teaching laboratories 

• Instructional innovators* 

support group 

• Qassroom diagnosis 

• Peer consultation 

* 


Two 


• Change. in the design of an 

entire course or 

• Use of new^nstnictional 

strategy 


• Faculty member often changes 

image of self (role): 
becomes instnic^onal 
designer or manager rather 
than information-giver. 
Temporary feeling of no 
longer being valuable to 
students 

• Faculty member is temporarily 

mure uus>y,,uiaii ics>s> uusy. 

• Faculty member is likely to * 

temporarily experience 
some failures, student 
dissatisfaction and 
confusion * . 


• Release time (one month or 
' one course) 

• Equipment 

• Content-Consultation 
•-**Error-embracing** 

environment and reward 
system 

$ 

• 


• Long-term design 

consultation 

• Instructional innovators* 

support group 

• Peer consultation 

• Organization development 

(departmerit) 




















* 











Table Seven. 



-Five Uveb of Change for Faculty (conUnued) 



Naturt of 
Change 



• Faculty mcmlw changes 

primary teaching 
responsibility to new 
area within same 
discipline 9r 

• Faculty changesNo new 

interdisciplinary 
program (making use of 
knowledge in current » 
discipline) 



• Faculty member changes 
^ ; discipline: begins to 
teach iaa new field 



Consequence 
of Change 



• Faculty member must redefine 

role in (discipline. 

• Faculty member must learn 

new content 

• Faculty member must learn ' 

new instructional methods 
and designs 

• Facultymember is temporarily 

very busy 
Faculty member is likely to feel 
temporary rejection from 
some colleagues in 
discipline 

• Faculty member is likely to 

temporarily experience 
' some failures, student 
dissatisfaction and 
confusion 



• Faculty member must r^efine 

self and life purpose 

• Faculty member must learn 
. ^ew field (and hopefully 

mtegrate with previous 
field) 

• Faculty member must learn v 

new instructional and 
research methods, designs^ 
and language 

• faculty member is likely to 

feel overwhelmed for . 
extended period of time v 



Resources for Change, 



Institutional 

• Sabbatical (at least one 

year) 

• Books, content, \ 

consultation, 
instructional materials 

• Money for conferences, 

travel, visits to other 
programs, etc. 



• One OT two-year sabbatical 

• Financial support for new ^ 

agencies and institutes 
for retraining and r 
renewing faculty ^\ 

• 5afe environment for 

faculty member to try 
out new discipline on 
campus 

• Support of faculty in new 

discipline for new 
colleagues 



* Faculty 
I>evelopment 

• Long-term course design 

consultation 

• Instructional diagn9sis a 

• Instructional ' 

designAnethods 

• Instructional innovators 

support group 

• Life and cait^er planning 

• Organizational 

development 
(department) 



^ Help faculty acquire 
kiujwlqjlge in new field 
quickly and effectively 

• Help faculty integrate nev^ | 

knowledge and 
. instruct! onahmefhods 

• Organizational 

development 
(Inter-departmental) 

• Supportive counseling to 

faculty member and 
/amily. 



Table Seven. — Five Levels of Ch^ge for Faculty (continued) 



Level of 
Oumge 



Nature of 
^ Change 



Consequence 
of Change 



Resources for Change 



Institutional 



Faculty 
I>evelopment 



Five 



• Faculty member changes to 
a profession outside 
higher education 



■ ) 
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^ First major institutional shift 
> fOT many faulty , 
* Variable consequences 

depending on nature of shift 



• Development of skills and 

attitude matrix 

• Collection of information 

about manpower needs 
outside of higher 
education 

• Match up faculty matrix 

.wi^ high demand fields 



• Career planning 

• Supportive counseling to 

facufty member and 
family 
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William H..Bergquist and Steven R. Phillips, "Components of an Effective Faculty 
Development Program." Journal df Higher Education, 1975 , 46. 177-24. 



COMPONENTS OF AN EFFECTIVE 
FACULTY DEVELOPMENT raOGRAM 

Williajn H^Bergquist and Steven R. Phillips * 

Since piecemeal efforts to improve college and univer- 
sity teaching have generally proven ineffective, we must 
turn to a comprehensive approach to faculty develop- 
ment, tijrough which we can develop new methods of 
evaluation and diagnosis, find viable ways of introdJcing 
new technology and curricula, and explore new ap- 
proaches to instructional improvement. Faculty de- 
velopment must give serious anention to the impact of 
change on the faculty member himself and on his institu- 
tion. Organizational and personal development thus be- 
come essential to faculty development. It is only through 
such a comprehensive approach that efforts: toward im- 
provement can have lasdng impact. 



THE STATE OF THE PROBLE^I 

Faculty development has become an increasingly 
prominent concept for a growing number of faculty and 
administrators in American colleges and unfversities. In- 
stitutions of higher education face the harsh realities of 
(fecreased funding, steady-state or declining, enrollment, 
and declining faculty mobility, together with demands 
for accountability voiced by students, parents, *and state 
and federal officials. Confronted with thefe conditions, 



• The authors wish to express their appreciation to Ms. I^ancy 
Barber and Ms. Jennifer Gnmes for their valuable suggestions in the 
conceptuahzation and composition of this article Manyof theideas 
contained in this article were developed and implemented as part of a 
faculty development program sponsored by the College Center of 
4he Finger Ukes(CCFL) ih Commg, Ntw York. Consequently, we 
would also like to acly^^ledge the invportant part Dr. Qary Quehl 
then executive directorttf CCFL and currently president of the 
Couiwfl for the Advancement of Small Colleges, and Dr John C. 
Now\an of Virginia Commonwealth University and Dr. William 
B^^T of Eastern Washington State College, two of the major 
consultants to that program, played m'the realization of this article. 

William H. Bcrgquist, formerly of WICHE, is presently a'private 
consultant based at 819 Hermes Avenue, Lcucadia, California. 
Steven R. Phillips, member of the humanities division, Alfred 
^ University, this summer will become coordinator of^ facility 
development at the University of Puget Sound. Tacoma 



faculty must consider the prospect of significant reev^lu- 
ation of personal and professional attitudes toward class- 
room instruction and student-teacher relationships. Fac- 
ulty must also consider extensive'retraining in new class- 
room procedures, as well as jjrofound reorganization of 
departmental structures and governance systems. 

Over the past decade, nuTnerous articles and books 
have been written about faculty development t35, 31, 
39, 38,, 18, 4]. Furthermore, mpst college officials can 
pfSnt to the existence of one or mote **faculty develop- 
ment*' programs on their own campus, which range from 
new faculty orientations to one-year sabbaticals, from 
student classroom evaluations to instructional technology 
centers. In almost all instances, these books and pro- 
grams have reflected two basic yet conflicting proposi- 
tions: (a) teaching is an important aspect of the college 
faculty member^s professional Vole and hence should.be 
highly valued, and (b) teaching is frequently not a ieri-' 
ous conceni in the training or hiring of college faculty 
and is often neglected in issues of promotion and'tenure. 
Most faculty developqient programs take note of these 
two propositions by offering some activities that acknow- 
ledge the validity of th^ first, while really doing little to 
have an impact on the second. 



PAST APPROACHES 

The experience of the past 20 years provides few cues 
concerning how faculty development might best be con- 
ducted. Past approaches to improving teaching and 
/learning— * 'change th^ curriculum,'* **get brighter stu-, 
dents, ' ''recruit n^ Ph.D.s from the best graduate 
schools,*' '^'reduce the student/faculty ratio," '"develop 
an instructional resources center,'' "establish a new 
governance system,'* "undertake a comprehensive self^ 

. study"— have,- in isolation, fallen shoh of meeting the 
challenges posed by the dramatic changes taking place in 

• higher education. This failure is particularly disappoint- 
ing when one considers the amount of money available to 
colleges and universities in the -early and mid-1960s. 
Three of the most.widely used past approaches to faculty 
development, {a) the reduction of student/facuUy ratios, 
(b) the purchase of such costly new in'sti;uctional 
technology as videotape systems, instructionallcomput- 
ers, and learning machines, and ^r) the recruitment of 
new Ph.D.s with supposedly fresh ideas, merit consider- 

I ation in greater detail. , ^ 

. * When confronted with a reduced student/facuJty^io, 
many faculty members will automatically respond with a 



ERLC 



43*4? 



seminar. This method is so revered in higher education 
that to speak against it as an effective t Aching device is 
heresy. Yet, in most instances when candor is possible, 
many* faculty members and studspts will describe their 
seminar experiences as both disappointing and fru$tra- ^ 
ing, Semin^ leadership necessitates the acquisition of 
sophisticated skills in group dynamics. The effective 
seminar leader must be able to move a discussion without 
directing it, to bring rational processes to bear upon a 
conflict of ideas without prematurely dampening this 
conflict, and to bring out the quiet members of a group 
without goading them. Very few people possess such 
skills. 

This situation is at times compounded by the faculty 
member, who, when confronted 'with a smaller number of 
students in a class, will assume that class preparation^ is 
that much less important and, hence, will concentrate a 
greater amount of energy on research and publication. 

While the student/teacher ratio may provide the oppor- 
tunity for several types of instruction which are not pos- 
sible with large classes, lowering the ratio dpes not 
necessarily improve the quality of teaching. A teacher 
must ribt only receive training in small group dynamics 
and inone-to-.one teaching, b^a^ust havr: in addition, an 
opportunity to discuss the significant changes occurring 
ih hk relationships with students as a result of small 
courses. Finally^ the faculty member must be rewarded 
for developing these new skills, lest he imprpi-et reduced 
ratios as a rationale for reduced .teachirtg r^ponsibility 

The second approach to faculty development used 
widely during the 1960s involved the purchase of new 
instructional hardware. In the years following Sputnik, 
greater emphasis was^placed on solution of educational 
as well as other social problems through technology: we 
should be able to move students as well as rockets with 
new technologies Yet technology has^neither moved fa- 
culty to use it for instruction nor helped ^tucjents toward 
dramatically improved leamiji^W 

There are a number of reasoni,for the failure-of the 
new instructional technologies in higher education. First, 
few academic ii#tituUons have the financial, artistic, or 
technical resources to produce educational programming 
that can compete with the products of commercial televi- 
sion or motion pictures. Students who, have grown up as 



^^^velc 



consumers of sight-on-sound rock concerts, commercial gjte^nj 
games (from Monopoly to Diplomacy h and stereophonic 
tapedecks must be forgiven if they find the technological 
'orts of many of their professors rather amateurish. 
Second, many ^college teachers, either by their own 
-..terest or by the default of their institutions, have de- 
veloped little acquaintance with the potentials of instruc- 



• An increasing student/teaching ratio may. in some circumstances, 
actually be a challenge for innovation Exciting instructional 
techniques such as simulations, buzz groups, fish bowls, and project 
teams work most effectively m a large class Large gr(kip settings often 
generate openness to new learning and willingness to take nsks Large 
group dynamics\an, with appropnate group leadership and instruc- 
tional skills, become assets to' learning and intellectual growth 



tional technology On many campuses,. the new audio"- 
visual center is a source of pnde to the administration 
and a must^top for visiting state legislators. Unfortu- 
nately, the center is rarely visited by faculty. Finally, and 
perhaps most fundamentally, the imroduction of instruc- 
tional technology can have profound and even threaten- 
ing implications for the faculty member. If the teacher 
•views himself primarily as a dispenser of information, he 
may feel that his position is directly threatened by the 
new technofcgy. Rarely has instructional technology 
been iritroduced by an administration that has also given 
the faculty member an opportunity to examine his at- 
titudes toward teaching and to explore alternative roles. 

Faculty development has also been attempted by • 
bringing in new faculty— men and women with new 
ideas ai^ fresh perspectives. Such people, U is hoped, 
will serve as catalysts and stimulants, keeping their de- 
partments flexible and constantly changing. Two as- 
sumptions underiie this strategy: first, colleges will con- 
tinue to grow and hence there will always be positions 
for new faculty, and second, these new faculty members 
will be sources of instructional innovation. The first of 
these two assumptions is short-sighted, as are most solu- 
tions in our society that are based on ihe assumption of 
continuous growth [36]. Most cglleges and universities 
in the 1970s are confronted with the prospect of little or 
no growth in the size of their faculties. 

Even if colleges and universities were- not presipnted 
with the inevitable reality of little or no growth, they 
would soon, have to face up to the fact that new faculty 
members are not necessarily, or even usually, a primary 
, source of instructional innovation. In recent years, a 
large proportion of the faculty entering the college teach- 
ing profession have graduated from prestigious, 
research-oriented institutions. Coming>orn such an in- 
stitution, the young faculty member is often an inexperi- 
enced teacher; moreover, his only teaching models in 
graduate school are likely to have been senior, research- 
oriented faculty. The young faculty member is almost by 
definition an individual who could satisfactorily adapt to 
a traditional academic setting. Since innovation in cur- 
riculum or course design often requires a certain amount 
of risk taking on the part of the innovator, it is unrealistic 
to expect a oew faculty member, without tenure, infor- 
bmal power or influence, knowledge of organizational 
Wdlts or norms, or even conditional peer acceptance, to 
take the innovative step. Whfle there are certainly excep- 
4ions to this rule, the expectation must be that the new- 
comer will first * learn the ropes'* and then innovate— if 
the innovative ideas have not been lost in the process of 
learning' organizational survival. 

In the recent past, efforts at faculty development have 
been largely cosmetic in nature or based, at least in part, 
on faulty assumptions about the way in which faculty, as 
well as students, learn, change, and grow. We are left 
with very; few guidelines for new programs in faculty 
development, even though^ such programs appear to be 
essential ingredients in the educational reforms oF the 
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1970s. The following section of this article represents an 
attempt briefly to conceptualize some of the components 
tfiat might be incorporated into an effective faculty de- 
velopment program. This component-analysis is not 
meant to represent either a definitfve statement of faculty 
development or a radical departure from the conceptuali- 
zations of such authors as Morris [3'9], Sanford [46] 
Eble [18], Milton [38], or Freedman [22]. Rather, the 
following section of this article provides a summary 
statement of many observations and suggestions made by 
V colleagues and also provides a new concq^tualization of 
these several reference points in a single,*comprehensive 
model. 



NEW APPROACHES , - ^ 

In the 1970s we are faced with new-and difficult issues 
in higher education. With decreases in enrollment and 
mcreases iirsuch alternative educational avenues as ex- 
ternal degfSK programs, proprietary institutions, and 
.CLEP [15], tiie college professor must be able to present 
courses tiiat are meaningful anXinstructionally attrac- 
tive. 

To prompt tiie significant change m faculty and in- 
struction demanded by tiiese conditions. itTs>sseijiial 
that a faculty development program be botii comprihen- 
$ive^touching on most aspects of tiie teaching-learrtmg 
^ enterprise, and based on a set of diverse, tiiough related 
strategibi,\ -^^^ 

The proposed model is based on tiie assumption tiiat 
significant changes must take place at tiiree levels: (a) 
attitude, (b) process, and (c) structure [52]. A change 
effort focusing on only one of tiiese levels will rarely 
achieve success.* In tiie case of faculty development, 
primary attention^ is usually^given to tiie process of in- 
struction: most often to instructional methods an^ 
technology, curriculum development, and student evalu- 
ation of instruction. While tiiese instructional issues are 
vital for tiie improvement of tiie quality of tiie institu- 
tion's educational environment, tiiey do not constitute 



culty development program, 'tiien, must deal witii tiie 
attitudes of tiie faculty me^mber, as wdl as witii related 
values, philosophies, and self-perceptions. 

On tiie otiier hand, even when tiie college teacher has 
^had a chance ?^ develop his own philosophy ofeducation 
and has embraced new metiiods aftd technologies com- 
patible witii his now clearly'articulated attitudes and val- 
ues, he may encounter restrictions and barriers resulting 
from institutional and/or departmental policies, norms, 
and procedures. He confronts, in otiier words; tiie struc' 
tural constraints of tiie organization witiiin which he op- 
erates. As is tiie case witii perso;ial attitudes, organiza- 
tional structures can rapidly and tiioi^ughly \i\um the 
tiirust of a faculty development progranrifaat neglects tiie 
structural dimension. 

These basic assumptions concerning sttucture, pro- 
cess, and attitude have been translated, in ^aphic form, 
to a model of faculty development (see Figure 1), This 
model is composed of specific progiammatic compo- 
nents (each being represented by a box) which bear some 
relationship to one anotiierjirepresented by lines and ar- 
rows). Some of tiiese components are based primarily oh 
issues of attitude change or personal development. Otiier 
domponents are based primarily on issues of process 
change orinstructional development. The tiiird set of 
components is based oxh issues of structural change or 
organizational development. . \ ^* 

I^ines between two components of tiie n^odel indicate 
tiiat activities in one of tiiese components lead frequently 
and ''naturally" to activities in tiie otiier component. 
The arrow indicates tiie usual direction of tiiis movement 
between prograiji areas. Instructional evaluation pro- 
grams, for instance, tend to develop and move toward 
classroom. diagnosis services, much as training in class- 
room metiiodology should (and usually does) precede 
training in tiie use of specific technologies. * 

Anotiier'dimension of faculty develc^ment is also rep- 
resented in tiie graphic model, tiie dimension of tiireat' 
and its accompanying behavior,' resistance. The compo- ' 
nents tending to^ be least threatening and which,, 
tiierefore, tend to provoke least/resistance, are rep- 



development program. 

Freqtientiy, vyhen introduced to metiiods of college' 
instruction, a faculty member will turn away or adopt a 
^ stance of passive resistance.' Central to tiiis resistance is. 
tiie attitude of tiie faculty member toward teaching. If he 
does not value teaching, or does not perceive himself as 
being primarily a teacher, he will not spend time learning 
new * techniques or exploring alternative instructional 
metiiods. At tiie same tim^, he mayte fearful of display- 
ing 4iis shortcomings as a teacljer or may be resisting tiie 
vdjues and philosophies of edjl^^tien tiiat underlie many 
new metiiods or curriculum proposals. Frequentiy, he 
has neitiier an articulated value system concerning teach- 
ing nor coherent philosophy of education, and tiie new 
mctfiod or proposal may inevitably find itself at odds 
witii ill-defined values or philosophies. An effective fa- 



grammatic components tiiat- tend to be most tiireatening 
and are resisted by tiie greatest number of faculty are 
represented by boxes witii tiiree-lined.edgcs. Two-lined 
boxes represent cqmponents of intermediate tiijrcat and 
resistance. 

Similarly, in tii^ instances in which movement frQm 
one component to^otifer js usually accomplished witii 
very littie resistance, tiiin lines are drawn between tiie 
two boxes.4n some cases; high tiireat and resistance tend 
to accompany tiie nwement between components, or 
tiie development of one component from anotfier, even 
tiiough such movement is quite logical vvitii reference to 
change processes. In such* instances, tiiick lines are 
drawn between tiie components. In tiiose situations in 
which two components afe not Jinked by a line, it is. 
assun\ed tiiat these two components are rarely **spun 
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Figure l.-A Model for Effective Faculty Development 
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off** from one another, bufare instead related itrsDjne 
indirect way under the broad concept of effective faculty 
development. 

Case histories and personal experiences of the aut^\^rs 
in conducting faculty development programs have con- 
tributed to the insights contained in this model, as have^ 
the contributions from a number of books, research aiti-^ 
cles, and theory papers. In the following sections, brief 
descriptioifs are presented for each of the components 
contained in the model. Subsequent to these descrip-<^ 
^ions, attention is given to the implementation of a fac-^ 
ulty development program. 

INSTRUCTIONAL DEVEJLOPMENT: 
CHANGE IN PROCESS 

An effective faculty developnvent program must co^ 
tain components that have immediate face validity, that 
is, have spcc^cally t(>tJe-4vit1T^ primary function of 
the faculty nAiber, instruction ii^e classroom. In this 
sense, instructional developmem components are pri- 
mary, and the personal and organizational coniponents 
are secondary. In a parallel fashion,* most effective 
change programs begin at the **process** level of profes- 
sional relationships and day-to-day activity, for this is 
• the level where most people experience immediate sys- 
tems stress and are hence^ most willing to consider 
change. Following are bHef descriptions of each instruc- 



tional development component that seems- to be of pri- 
mary importance JO faculty development. 

A.;instructional Evaluation 

The role of evaluation in bringing about change in an 
organization is widely recdgnized and accepted. Any or- 
ganization that wishes to change in a systematic and 
thoughtful manner must continually tes^the discrep- 
ancy between current operations and desired outcomes. 
Such an ^ssessmerit procedure is necessarily evaluative 
. in nattire, since values and preferences are inherent in 
any statement of desired outcomes. Sttident evaluation is^ 
probablyohe most commonly used methojlofattemptins 
toinstigate change in faculty teaching performance. Tw& 
.Vo^b^r sources of evaluation, by the instiuctor himself and 
"b*rKis?.peers, are'used mpre sparingly ."though mpst fa- 
.cufey acknowledgej^lhe value of both and in ^ many in- 
-^tances prefer.such evaluation to student. evaluation. A 
^rief dfstpssion of each of these modes of evaluation 

' '^^S^^^- ~ \ f ' ■ ^ 

^Evaluatipn • - 

tej^cultylfcember .himself Ts', of course, the liiost 
criticafetor ^any effective pro-am designed to im- 
prove 'instruction. Ak attempt at instructional improve- 
^ ment on" the part of }he faculty member will take place 
, only if fie ev^uates his o\yd performance as inadequate 
* ' or b9lo4$^ own, personal standards. Several of the 
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co^nponents of the faculty development model are de- 
signed primarily to help a faculty member become fully 
aware of such possil^ discrepancies a way that will 
reduce them through insight and training. 

Another way to conceptualize this aspect of change 
can be borrqwed from Kurt Lewin [32], who describes ' 
the **unfreezing" phase of change. An individual must 
have experienced sdme discrepancy, dissonance, pain, ' 
- or stress "before he will c6mmit himself to the difficult 
task of change. Lewin believes that this unfreezing must 
precede any significant learning experience if change is 
to occur. Without this unfreezing an individual will 
either proceed **pro forma'' through the change program 
without really being affected by it or will resist the pro- 

. gram befere it is even begun. 

An^ffective faculty development prograhi should con- 
tain a phase in which faculty are asked to assess 'their 
own strengths, weaknesses, and areas for improvement. 
One procedure that can be followed is to have the faculty 
member fill out the same evaluatidh instrument that is 
^ beihg completed by his peers or students. Discrepancies 
can thus be noted between not only the faculty member's 
own^ctual and ideal ratings, byt also between them and ' 
the ratings of others. This **consensual validation" [51] 

^ procedure is essential to personal growth as well as to 
instructional development. 

• 2. Peer Evaluation 

This form of evaluation is rarely found in faculty de- 
velopment programs, though several instances of peer 
evaluation are cited by Eble [18]. The evaluators in these 
cases were not actually "peers;' in the strict sense of- the 
word, since they were either senior and usually tenured 
faculty observi^jg untenured fapulty or were untenured 
faculty o^jserving graduate teaching assistants. The reluc- 
* tance of many acadttnic institulions and departments to 
develop a peer evaluation program is quite underetand- 
" able given the shortage of time and the low level of trust 
found in many academic organizations. These factors 
must be faced and managed if peer evaluation is to suc- 
ceed. - 

One effective way of reducmg the time factor is to 
encourage team teaching. By attending another team 
member's classes, one can provide informal peer obser- * 
yation^nd evaluation while {Participating in a course for 
which one is partially responsible and compensated. Al- 
ternatively, if a department regularly, rotafes .class as- 
, signments, then it will benefit a faculty member to sit in 
on a coll^eague's course, knowing he will eventually be 
teaching it. Designating one member of the department 
as a master teacher is another means of e;ncouraging peer 
evaluation. This person would be chosen on the basis of 
stich widely accepted^riteria of success as course en- 
«rollinent, student pepormance on standardized tests, 
rcputationfor teaching experience. This master teacher/ 
could, in turn, be assigned a reduced teacjjing load, s6 
that he or she might attend colleagues' classes. Tliis as- 

/ 
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signment should probably be rotated among seVeral fac- 
ulty on a yearly basis. ^ 

The trust factor in such peer evaluation is difficult to 
'deal with, for it really meiTges with both the personal and 
organizational development efforts to be discussed be- 
low. The individual faculty member must, first of alKl^e 
relatively nondefensive about evaluative feedback con- 
ceming his teaching.%In preparation for such feedb^k,- 
many teachers should receive some personal-growth and 
interpersonal -skills training, though sucji training itself is 
often somewhat threatening. Alternatively, the indi- 
vidual who is offering the feedback can try to present it 
in as nonevaluative, descriptive, and helpful a manner as 
possible, which is usually much easier for the faculty 
member to receive and absorb. Interpersonal-skills train- 
ing for the individual who is offering the feedback is 
therefore valuable— if not essential. Alternatively, one 
can develop the kind qf training progfam fo;>dassroom 
observation and diagnosis discussed below. 

Trust may be increased through various organizational 
efforts. Structures can be changed to increase communi- 
cation, and status differences, such as having peer evalu-/ 
ation of only nontenured or graduate student teachers,'' 
can be reduced. Awards for good teaching can be de- 
veloped*^'a%i team-building efforts can be undertaken at 
the departmental or divisional level. Of potential benefit 
at both a personal and an organizational level is the peer 
faculty interview, discussed be^ow, which helps to create 
interpersonal trust, while establishing an organizational 
norm for Openness about teaching. , 

Once established as an acceptable, relatively low- 
threat means of improving instruction, peer evaluation 
can be conducted by eithet formal or informal means. 
The faculty member can invite a peer to sit in and make 
comments on one or two class sessions, or a department 
can establish a balanced program of exchange, using a 
structured observation schedule. Peers might quite prof- 
itably be asked to evaluate on the basis of categories that 
are being used by students and/or the faculty member 
himself. 

3. Student Evaluation 

A great deal has recently .been written about student 
evaluation of college teaching [37]. An attempt will not 
be made here to review the methods ofstudent evaluation 
or the research that bears upon its validity. Rather, atten- 
tion will be given to 'the actual (or potential) role of 
student evaluation in faculty development. Consideration 
will first be given to several of the more positive aspects 
of student evaluation. 

While the primary reward structures of many colleges 
and universities are directed toward research, student 
evaluations of teaching draw attention directly to instruc- 
^tion. Resear<3h -based criteria for promotion, salary in-^ 
creases, and tenure are pppular, precisely because they 
are fairiy easijy objectified and even quantified. Such 
criteria are rarely found in assessments of teaching, ex- 
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cept in the case of publfshed textbooks and various kinds 
of teaching,aids 113]. Student evaluations allow for^uch 
criteria and hence, give teaching a ''fighting chance" 
against' research as a basis for evcluating faculty per- 
formance. 

Research is also given first priority in many mstitu- ~ 
tioris because it is a prized enterprise with tangible re- 
sults? Teachings on the other hand* does not allovv^for| 
comparisons, Precisely because most classrooms are au- 
tonomous and because, most professors grade either on 
the basis of a curve ok on some subjective .standard, one 
is unable to comp^ the production of two or more 
teachers. If effectively conducted* student evaluations 
produce data that allow for valid comparisons between 
teaching performances, even if the differences in quality 
of production are not directly mt^sured or cohipared. In 
other words, the student evaluation can help increase the 
teacher's * 'accountability*' in the cla^oom, thereby in- 
creasing the balance that might be assigned to 
documented effective teaching. 

Student evaluations may also provide a new medium 
for student-faculty interactuan* thus hopefully assisting 
the faculty member in the development of instructional 
skills. The student becomes an active participant in deci- 
sions concerning classroom instnictioh and serves in a 
"helping V role by providing the instructor with per- 
formance feedback. The instructor, in turn, assumes a 
temporary "recipient" role. He is being provided with 
new information, emanating from a consumer popula- 
tion, concerning his own capabilities and style The in- 
structor, then* becomes accountable to the students who, 
in turn, become responsible for providing the instructor 
with valid. and useful information about this classroom 
performance^ 

Accountability is also enhanced by student evaluation. 
Frequently, when teaching is used as a pnmary basis for 
performance, evaluation, either because research js 
deemphasized (as in many private and community col- 
leges) or because the faculty member has been trained 
specifically for teaching purposes {oUc/i in 
nonresearch-based humanities disciplines), the pnmary 
criteria for this evaluation may too often become hear- 
say, orthodjw* or politics. In each instance, the faculty 
member's pmorraance in the .classroom is not being di- 
rectly or justly assessed. The student evaluation provides 
fair, though limited, input concerning instructional per- 
formance in the classroom and hence can be useful in 
' both faculty evaluation and development. 

The negative aspects of studfcnt evaluation should no^ 
be ignored. First, a negative evaluation may result in 
defensive behavior, which can only block the process of 
cTi&n^. One of the parM)xes inherent in change is that 
both people and institutions are least likely to change 
when someone teUs them that they should change (44}. 
Thus, when presented witii negative evaluations, many 
instructors are inclined to rationalize away the informa- 
tion ("The students don*t know what is good for them," 
* *'The instrument isn't valjd," "That isn't really art- im- 



portant dimension of teaching anyway") or simply to 
ignore it, particjularly if the information is at odds with 
their sense 'of^ffi^r own teaching ability. One way of 
possibly avoiding a defensive response on the part of the— i,^^ 
faculty member is to develop the kind of multilevel eval- . \ 
uative instrument discussed below, which would provide 
general and.summary information for use by adminis- 
trators and department chairmen but would reserve 
specific diagnostic and evaluative data for the use of the 
faculty member alone [50]. Such an evaluation would 

• provide both administratively useful and diagnostically 

• helpful information. 

A sdfcond limitation of student evaluation is that the 
*s^seful/ess of the information generated by most instru- 
fiwHtS i& often questionable. A typical course evaluation 
instrument will include items such as "the teacher'estab- 
. lishes a w^m rapport With the smdents" or **the teacher 
presents a clear, coherent lecUire." What can a teacher 
learn from low ratings on either of these itemsr^ Neither 
item provides the type of discrete, concrete information 
that leads to change. Furthermore, most items of this sort 
are highly correlated with general evaluative items (rat- 
ings of overall course quality) and hence may not be in 
fact measuring anything other than how much the snident 
liked the course content and/or course instructor. 

Third, sttident evaluations are also a disservjce to the 
development of faculty when, as^s often the case, they ^ 
are^used as the only means.qf feedback to the instructor. ' 
While student evaluations are important, they provide 
- only one type of information while ignoring the useful- 
ness of self and peer evaluations, classroom diagnosis, 
behavioral outcomes, and postcourse followup. Student 
\ evaluations are very seductive: they are inexpensive, 
^ they involve student time (expendable) rather than fac- 
ulty time (valuable), they are easily quantified and 
computerized. Consttjuently, many administrators and 
some faculty may assume they are an adequate and suffi- 
cient means of evaluation. No information may be better 

• than partial information, but when such crucial >decisions 
as those of promotion, salary, and tenure depend on such 
information, it ,would sepm the development of reliable 
and helpful student evaluations is essential. 

Finally, mechanical issues may cloud the picnire. The 
student populations being sampled by the instrument are^ 
often biased. Those students for whom the course is a 
^ failure will frequently not be in attendance to complete 
the instrument. Furthermore i the insthiments developed , 
and used by many campuses are psychometrically n^ve, 
— ^-While they may possess rather high interitem reliability 
(often because the general evaluation factor is being 
tapped by most of the items), they usually are inefficient 
(too many items to measure one dimension) and rarely 
have been shown to b^ valid with reference to widely 
accepted, external criteria. 

Several steps can be taken to improve the quality of i 
student evaluation procedures: (a) the instrument can be 
' reduced to a nlinimal number of items by means of factor^ 
analyses and related^istical techniques, (b) the in-"*" 
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» strument can be designed to be minimally evaluative and 
maximally descriptive, using checklists and fjjfcise situ- 
ationat'-descriptors (**under condition X, the teacher is 
likely to do' a, b. c, or J"), (c) the instrument can be 
designed so that some items are primarily designed fo^ 
tenure, sabry, and promotion decisions, while other 
items are primarily designed for instructional improve- 
ment. The items on the former should be evaluative and 
the data fhould be made available to department chair- 
men and deans; the items on the latter should be descrip- 
tive and should be made available only to the instructor. 
The student evaluation procedure should alsQ|be closely 
integrated with other segments of a faculty y^elopment 
program. Any category of instruction being evaluated 
must be an area in which training opportunities are avail- 
able; otherwise the evaluation procedure becomes a 
weapon rather than an instrument for change: a teacher is 
told he is doing an inadequate job yet is given no way to 
improve that job. 

4. Gencxal Conclusions 

^ The strengths and weaknesses of evaluative ap- 
proacfies have been discussed at length because they 
highlight a number of key issues occurring in other com- 
ponen^i of a faculty development program. First, self, 
peer, and student evaluation can be useful aspects of 
faculty development. In isolation, however, each of 
these approaches is potentially more destrucfiv'e than not 
and consequently should be integrated into a comprehen- 
sive, multistrategy approach to faculty development.' 
Secondly, change is a subtle and complex process. It.is 
not encouraged by the use of an insensitive, often arbi- 
trary, reliance on evaluative ratings of performance. Pre'- 
paration for change ('^unfreezing") in instructional per- 
fomjance occurs when the teacher is confronted with 
information that is discrepant with his self-image but ~ 
which does not deflate his self-esteem This information 
is requested by the instructor, rather than forced on hijn; 
it is descriptive, rather th^n evaluative; it is concrete, 
r^her than general: it is presented in a context of trust, 
rather than threat. The process of change taJ^es place only 
when the instructo'r is presented with information, train- 
ing, and consultation directly related to perceived needs. 
It is to these components of instructional development 
that we now turn. 

B. Instructional Diagnosis 

This component is directly related tasuch widely held 
academic values and enterprises as objectivity, empiri* 
cism, and problem analysis. Nevertheless, instructional 
diagnosis has become a recognized component of faculty 
development only within IJje. last five years. Itstill is not 
used by many collegiate instructional improvement cen- 
ters. Extensive diagnostic programs, to date, have been 
developed only at the University of Massachusetts, the. 
University of Idaho, and ^he University of Cincinnati. 



Instructional diagnosis consists of three primary ac- 
tivities, each of which is essential to any consulting^pro- 
cess [32], These three activities are: (1) contracting, (2) 
* data collection, and (3) data feedback'. 

1. Contracting 

The instructor must first determine what type of in- 
formation concerning his teaching he wishes to receive. 
The consulting team must, in turn, decide if this type of 
information can be collected, given their own limits in 
time, money, and expertise. The mutually agreed upon 
areas of information form the basis of ^ contract between 
the cliant (instructor) and consultant (diagnostician). 
Without this contracting phase, a diagnostic team is 
forced to make assumptions about what the instructor-v 
want3 or needs. SucB assumptions may prove incorrect 
and result in a waste of time and money. Furthermore, if 
the instructor is not involved in decisions concerning the 
t^pe of information to be collected, then he cannot sense 
any ^'ownership" for either the data-collection process 
or the actual collected data. He is consequently more 
likely to dismfss or^resist this information when it is 
presented to him. .' • - . 

j Generally, an instructor will choose'to^Teceive infor- 
mation about areas in which he is moderately competent. 
Such selectivi^ty is productive, for areas which are highly > 

^ threatening are probably also areas in which little learn- 
ing will actually take place. Once an instructor has re- * 
ceived and made use of information in less threatening 
areas, he will be more inclined to accept information of a 
potentially more threatening nature. 

2. Data Collection 

While each diagnostic contract must be tailormade for 
the instructor who requests the service, some basic in- . 
struments should be available, and members of the team 
should have a gnaafp on some basic conceptual categories. 
Among thd Iwsic resources that should be available to a 
diagnostic team are (a) observational instruments related 
to such basic microteaching categories a^ questioning 
skills, set-induction, and closure [I]. These iristryjnents, 
used primarily in traditional lecture-based courses, 

• should^be directly linked with a microteaching program, 
^ as has oeen done at the University of Massachusetts 

Qinic for the Improvement of Teaching. (^) Interaction 
analysis instruments should b'e available»tothe diagnostic 

* staff. Ideally, the team should be trainecl in the use of • * 
sey^al different interaction analysis instrumenS, like the 
Flanders I A and the Reciprocal Categories Systems 141]. 
Additibnally, the basic Bales Interaction Analysis should 

be available for potential , use in a diversity of instruc- 
tional settings, (c) A variety of student evaluation in- 
struments should be kept on file, so that new instruments 
can be easily developed that assess students* attitudes on 
a number of different dimensions, (d) The diagnostic 
team should be trained in the^-use of small and large 



group data gathenng techniques. Members of a diagnos- ' 
tic team, forinstance, might use a force-field analysis to 
define eWments of the classroom that facilitate or hinder 
movement toward some specific instructional goal. In 
using this analysis, members of the diagnostic team - 
would interview members of the class, either individu- 
ally or io a group, concerning their perceptions of the 
facilitating and hindering forces. With advanced train- 
ing, a diagnostic team could conduct more complex in- 
tergroup (teacher-student) [Hhor even large-group (5) 
data collection procedures, (e). For use in instructional 
• settings outside the classroom, the diagnostic team should 
be prepared to deliver or develop a senes of 'Tield- 
instninjents' ' related to small group functioning (seminar \ 
groups, project teams, ^'buzz^' groups, etc ) Similar 
instruments should be developed for observing students 
in off-campus placements, and students and faculty in 
advising settings. Instruments to diagnose small group 
functions are available in abundance 12J. 47, 49) The-^ 
team need only choose or redesign toolfr^lated to such ^ 
dimensions as leadership styles, communication pat- 
terns, group norms, aiTd group roles Instruments which 
can be used to assess field settings, especially instru- 
^ments which measure actuaj behavior rather than at- 
titudes about behavior, are less readily available. A/ 
diagnostic team might quite'profitably look ^t^e of 
the new performance-ba^ed teacher educatioJiPograms 
for guidance. (/) Finally, a diagnostic team should be 
able t6 produce a verbatim U-anscnpt of a classroom, 
seminar, or advising sessioa and/or an audiotape or vid- • 
eotape of an instructional session. The information 
gained by an accurate performance replay is, in and of 
. itself, diagnostic to the instructor, especially if accom- / 
panied by more condensed, descnptive data. The major J 
probleifi associated with the use of u-anscriptions and* 
tapes is the ' 'richness of the data. An instructor who 
makes use qf this data should go throii'gh it slowly and 
carefully to avoid the risk of '^information^ overload."*^ 
The primary advantage of this type of information is its . ^ 
almost totally nonevaluative'\:haracter. Only in the cam- 
era angle that is;chosen or in the selection of a particular 
medium for coflection and feedback Vft bias.enter the^ 
process. When dealing with a highly defensive faculty 
• meJhber, or when/irst offeriH^ its services, a diagnostic 
. team should make rather extensive use of this procedure. 
The written transcript or videotape can prove quite valu- 
able in the U-aining of diagnostic team members. Fur- 
^ thermore, these recordings can be of assistance to a diag- 
nostic team member who may rtot be able to record all 
necessary observations during the actual classroom 
^seminar or Advising Session. 



3. DaU Feedback ^ 

.Change processes are usyHf^ quite subtle, 
necessitating an'^nterpersonal sei^livity to the strengths 
C and weaknesses of the client (ii/5tructor), as well as to hiS 



areas of high an^ low threat Interpersonal skills are of 
primary jmportance at the point of data feedback. ^ 
In most instances, a written report should beoreseiitedV 
to the instructor within two or three weeks after? specific * 
observation is madet out-of-date feedback is practically 
worthless. The report should be brief, with all major 
conclusions carefully documented and based on observa- 
tions attd analy sif that can be clearly articK(tated and jus- 
tified, largon should b6 kept at a minimun^; moderate 
inf(yrmality is usi^lly effective. The self-esteem oj; the v ^ 
instructor must be pr*erved throughout the report. 

The written report should be followed by a diagnostic 
meeting in which the, report is thoroughly discussed. 
^ Verbatim tyanscnpts, audtotajpes and/or videotapes may 
be presented at this time tojustify or illustrate conclu- 
sions reached by the diagnostic team. In the early stages ^ 
of a specifit diagnostic pro|ram, the, meetine may^ con- * 
sist almost exclusively of a review of these recordings., 
' The sequence of contracting , datjfcc^ectioiJ, and data 
feedback will of tetf recycle." The faciHt^Mne/nber who 
has feone through one sequence may wish to recontract _ 
for information of a different type or for information of 
greater depth^in some specific area. The'diagnostic^o- 
cfldure will ofteh l^ad the instructor to consider'wther 
iiiSructional U-aining, new instruct^on'kl mejj^s or 
technologies, and ultimately new designs for the currica- 
lum of his depapment'. These newly emerging concerns 
should be' supported by the diagnostic team. The team . 
membiers should also be able to offer the. instructor 
» specific suggestions as to where 'appropriate assistance 
can be obtained. 'Without the followup resources of a 
comprehensive faCQlty* development program, the in- 
suiictor who has received the diagnosis isUikely to be- 
come disillusioned with the entire diagnostic procedure. 

Instructiorfal diagnosis is probably most effectively 
-implemented with a team of from'six to twelve students 
and faculty (for a campus of 3 . 000-3 ,000 students). They^ 
team 'Should be composed primarily of sp^ients 
saldTfed staff, if the budget allows. Volunteer faciilt>^. 
^members normally do not have extensive time to allot to \ 
such a project. ? * ^ 

Once the student is trained to bfc an effective diagnos- • 
tician and instructional consultant, then he or she will be 
a valuable resource to the instructor. Under such condi- , 
tions, the instructor is confronted with a situatiori in 
whidh he can learn from the student, thereby reversing 
the usual roles of students and faculty. Confronted vv^th ^ 
this role reversal* many instructors will begin- to change^ 
their overall orientation toward students and, more gen- 
,erally, their conceptual izati£n of the learning pr^ess. 

Initially, it is helpful iftaculty are included on the 
diagnostic team, as diagnostic input from students will 
probably not be immediately acceptable to many faculty. . 
A faculty member on the team can also bxin^a different^ 
perspective tb bear on the diagnostic procedure. (Asji/ ^ 
instrufi/or himself . he can empathize with his collSagties* ^ 
prqhJ^s. Furthermore, if the fiWlty member of the 
diagnostic sitaff is not affiliated with the behavioral sci- 
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ences or education, he is more likely* to be accepted by 
faculty outside those fields. A chemist, electrical en- 
gineer, or historian is not burdened with the jargon- 
ridden language a behavioral scientist is'inclined to use. 
Furlhermore,xif the faculty ihember (and some of the 
students) are acquainted' with the subject m^^r being 
offered by the observed instructor, then a wldei4ange of 
comments can be made about the instructor's per- 
formance; The team may be even more positively re^ 
ceivedrif the more visible members (faculty or students) 
^ are idefltified as being **neutrar' with reference to tam- 
pan (and nadoQal) politics, as being **objectivjeV and 
empirically oriented! and as being educationally' **mod- 
erate.^' 

So far, the description of the "ideaP' 'instructional 
diagnostician appears impossibly bland. However, there 
are more interesting and complex qualities and skills 
needed ^y* this individual. He should not be exclusively a 
, , technician. Rather, he should be a consultant skilled in 
the use of interpersonal, as well as d^ta-gathering and 
data-analysis, skills. The diagnostician must be flexible 
in adapting standard instruments and procedures to the 
particular needs of the client (instructor). Contracting 
skills are essential in assessing what an instructor wants 
in the way of feedb^, ^s are diagnostic skills that ena- 
ble him to collect valid iflformaiion so that it is usefful 
. [3]. 

C. ^icroteacliilng 

^ This trainijig procedure was first developed by^wight 
. Allen ^id^evin Ryan [ 1 ] for use with under^Jafluate and 
graduatTstud^nts entering primary qr secondai7 sclgfSl 
teaching. While the procedures found in a microteaching 
program -appear to be applicable, in modified form, to i 
most instruction at a collegiate level, they have not been 
' extensively used to train faculty. Currently, an excellent 
instructional improvement program has been developed 
at the University of Massachusetts,, under Allen's super- 
vision. Microteaching is a significant component of this- 
program. 

The primary limitations of microteaching reside not 
only in its origins outside of higher education but also in 
its focus on rather traditional student-teacher settifigs. 
Without rather extensive modifications of, and ejcpan- 
sion on, its current structure, the microteaching program 
can have^^nificant impact only in the traditional class- * 
' room.lDrlMhe other hand, if the traditioWclassroom 
^ lecture or discussion leader can be trained to be more 
effective in this setting, thenJie may be more inclined to. 
try nontraditionat approached to instruction . If the micro- • 
teaching program is preceded by an effective classroom 
diagnosis incorporating fnicfoteaching-based categories, 
thisxomponent can be particularly valuable in the early 
stages of-a^ faculty development prog|;am. Microteach- 
ing, on the other hand, should probably not be the first 
stage of the "program, for it tendS to be threatening to 
faculty when considered in isolation. 



Even thdUgh the microteaching program, as it is cur- 
rently structured, is somewhat limited with referenJkto 
nontraditional instruction, the basic assumptions under- 
lying the program are directly appropriate to all forms of 
instruction. Microfcaching i^/based on the assumption 
that teaching can be subdivided into relatively autono- 
mous skills, each of which can be separately taught using 
aen^onstratiohs,^practice teaching, and feedback. Com- * 
parable training programs should be possible with other 
instructional procedures such as seminars, simulations, 
and laboratory training. Microteaching procedures are 
already available in the area of student counseling [2^ • 
The microteaching program, through its analysis^> 
* , teaching skills j can also provide college instructors with 
an introduction fa^temative educational methodologies. 
Allen and l(yan [1], for instance, introduced the concept 
of **set induction*' as a preinstructional technique to be 
used by teachers. A number of specific methods can be * 
used to induce a set for students: a class can begin'with a - 
brief sirmlation or role play, or with excerpts from a 
popular television program that jllustrate the value of , 
common occurrence of a particular phenomenon. The * Aftj 
^'unfreezing'* phase of change [32] is in-^any ways 
comparable to Allen and Ryan's concept of **set induc- 
tion.** Other microteaching concepts have similar 
^applicability in higher education instruction. 

D. Educational Methodology ^nd 
Technology . ^ ^ - 

When offered in isolation, the availability of educa- - 
tional methodology andi.technology will usually not ac- 
complish significant iUassroom change. Most faculty 
View themselves as already being excellent teachers, or . 
may not view themselves as p^marily b^ing teachers at 
ajl. Conversely, a few may place considerable value on. 
teach ing b ut view the mselves as irredeemably bad 
te^fiers wRo~camiot"make ef f ectIve"iuse~of ^ tradi tior\aJ — 
methbds^and technologies let ^one new ones. Con- 
se^ently! training in educational -methodology and ^ 
. techjiology should always be cnducted with the attitudi- 
nal arid structural supports that are needed to sustain * 
experimentation in the classroom! Often instructors will 
come to training sessions in order-to learn a few tricks for 
the clasVoom, hoping that these tricks will save a cour^se 
or an instructional style that is actually in need of much 
more profound reconsideration, 

As 'bne of a.series of components jn a com)reh«nsive 
faculty development program, training in educational ^ 
methods and technologies is essential. An instructor may 
-have critically examined and even changed his values .J, 
with reference to teaching and student-faculty relatioq- 
. ships. He may have received helpful feedback and train- * 
ing with reference to^ssroom instruction. At a certain ' ' 
point, however, he will want to explore new ways of ; ^ 
presenting the material for his course and* will want to J 
design a <;ourse in such a way as to make it^more compat; 
•ible with his new-found style of relating to students. New 
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educational methodologies will >provide him with the 
needed infomiation. Knowledgs^of contract learning sys- 
tems, self-paced courses, and experience-based learning 
programs allows the instructor to tailor-make his course 
to the students he is serving, to the educational environ- 
ment in which he anct the student are operating, to the 
learning objectives of the course, anc} to his own pre- 
ferred tetiching style. Similarly, an acquiring knowledge 
of new technologies, an instructor will experience 
greater iFreedom in planning courses and in making him- 
self available to students in a variety of roles. 

Methodological and technological resources are of 
course available in colleges of education throughout the 
country. Many of the means and mechanisms that have 
been developed for primary and secondary education can 
be adapted for use in higher education. We should also 
look to nontraditi€^al educational-institutions for assis- 
tance in these areas. In particular ,^the armed forces edu- 
cational and training programs \)ffer vast technological 
resources that are increasingly available to civilian edu- 
cational institutions. We should not forget that *'simula- 
tions," as instructional devices, were first developed and 
used by the military. Innovative methodologies and 
technologies are 'also available m many proprietary 
schools and in 'the training and educational program of 
many large corporations. At« present, American higher 
education seems to be less in need of new ideas than in 
need of mechanisms for learning 'about and using the 
innovations emanating from other educational and train- 
ing institutio*ns in the society. 

An effective faculty development program should also 
provide consultation on methodblpgical ancj technologi- 
cal problems for faculty. Furthermore, campus resources 
should be identified and made availat)le to faculty for the 
design of specific learning programs, as has been done at ^ 
Syracuse University. Experts in the design of simwlations 
or in the production of multimedia presentations can also 
"provide a valuable service, provui^d the faculty have 
made use of other resources and experiences that make 
,these technological resources something more 'than 
pedagogical bandages. 

£• Curriculum Development , 

From a long-range perspective, Jthe greatest impact 6n 
the educational process, will prol?ably come from curricu- 
lum development. Consequently, one of the greatest 
challenges to a faculty development program is influenc- 
ing the design of cumcula in the -various departments of 
the college-* or university. Curriculum development^ 
should not only move the institution toward more relev-"" ^ 
an^and interesting instriiction, but it should also make 
the institution and its curriculum more responsive to the 
changing population of students and their changing edu- • 
cational needs [1'6]. Certainly in training faculty mem- ^ 
bers for curriculum development, attention should be 
-given to educational philosophies and theories student 
development [14^^19, 34]. 



Departmental and* divisional curricula, however, are 
deeply embedded within the smicture of the organization 
itself, for they reflect not onl^ number of assumptions 
about how various professional fields are organized and 
should be taught but also a ^nse of organizational entity 
and autonomy. To tamper with a department's curricu- 
lum is to become involved in its very existence as an 
organizational Unit. Consequently, consultation should 
be provided to individuals and departments on not only 
specific curricular matters but also on the process 
whereby those decisions will be made. In other words, as 
faculty development moves from issues of instruction to 
Issues of curriculum, it moves from' insuuctional develo- 
pent to organizational development. Colleges and uni- 
versities are complex, many leered institutions, ai\d 
serious and careful consideration must be given to the 
•ways organizations work — or do not work-^if faculty 
development is to have long-term success. 

ORGANIZATIONAL DEVELOPMENT: 
CHANGES IN STRUCTURE 

A faculty member seeking to develop innovative 
courses based on nontraditional perceptions of student 
needs, faculty roles, and* institutional objectives will 
soon encounter the powerful and derfiobilizing resis- 
tances of his colleagues. Even the best-planned instruct 
tional or. faculty development program will frequently 
run aground at this point. Like the junior corporate 
executive \J5'ho returns from a two-week sensitivhy train- 
ing session to find that his new skills are neither under- 
stood, nor accepted by his colleagues, 'the faculty member 
who has just returned from an exciting two-week work- 
shop on fatuity development will often be immediately 
confronted with the barrier of skepticism, suspicion, and 
even open antagonism. To deal directly and effectively 
with thi^ issue, a faculty development program must be 
designed to deal witJj organizational development issues 
and the process of change in traditional decision-making 
procedures. ^ 

- With a few notable exceptions, the use of organiza- 
tional development i% a tool in higher education i.s basi- 
cally untested. These exceptions include the work of 
Walter Sikes at the Center fOr Creative Change in Higher 

"Education, of ^JP^Lindquist at the Strategies foiN^ange 
and -Knowledge Utilization Program,'"Saratoga Springs, 
New York , and of several instnfctiona| development cen- 

. ters around the^country , such as the Instimte for Research 
and, Training in Higher Education at me University of 
Cincinnati and the Center for Human and Organizational 
Research and Development at the University of Id'aho. 
Organizational development has been more widely used 
in primary and secondary education [45," 26, 27], in 
business and government [8, 7, 6, 23]. 

The organizational development components of fa- 
culty development are: departmental (a)^ decision- 
making, (fe) conflict man^ement, (c) team building, and 



(d) management development The division of organiza- 
tional development into these four components is some- 
what arbitrary Each of these elements more accurately 
represents alterative perspectives on a single entity, the 
organizational functioning of the department. De- 
partmentaKdecisioq-making, for instance, can be con- 
ducted, most effectively if the academic unit adopts 
melhodsrand relevant norms for the management of con- 
flict. Similarly, departmental team building is a useful 
precursor of coixflict maruigement Conversely , if a de- 
partment has adequately addressed the problem of de- 
partmental decision -making, then It has indirectly dealt 
with issues of conflict management and has probably 
also conducted informal team building Nevertheless, it 
may be useful to discuss these components separately. 

A. DepaVtmental Decision-Making and Con- 
flict Management 

These <:Dmponents are relevant to the curriculum de- 
velopment component mentioned in the previous 'section 
A department can make significanf'changes in the curric- 
ulum only if it IS willing to tolerate conflict and is able to 
make decisions in relatively short periods of time. 
Academic departments are frequently unable to change 
curricula because departments are simply incapable of 
making -significant .decision^ involving high levels of 
conflict. Instead, departments^ften dwell on such rela- 
tively trivial matters as whether or not a particular course 
should be offered to juniors or to seniors, or if particular, 
courses should have certain prerequisites. 

The organizational ineffectiveness of many academic 
departments is intensified by the diversity of goals and 
missions in the institution itself and by the enduring 
norm of intellectual autonomy. Given these complex, ^ 
disruptive forces, it becomes essential that academic de- 
partments receive training and consultation in decision- 
making and conflict management. 
• Several models of decision-making seem to be particu- 
larly appropriate to academic departments, one being Jay 
Hairs [25, 24] adaptation to decision-making of the 
managenal grid [11, 12]. Hall [25] describes the two 
primary concerns of any decision-maker as (ti)toncem 
for the adequacy of the decision and (h) concern for the 
degree of commitment of members of the organization to 
the decision Hall differentiates amon^ decision -makers 
who are primarily oriented toward decision adequacy, 
toward commitment of the group to the decision, toward 
compromise„or toward withdrawal He believes that it is 
both theoretically and practically possible to combine 
both decision adequacy and the corrimitment of the group 
to thddecision made -One of the limitations of traditional 
decision-making is that decisions are frequently not 
made by the peopl.e who have to carry them out The 
original decismn may have been a perfectly good one, 
but if it.is one that docs n^command the commitment of 
the group which must implement the decision, its 
chances for success are disiinctly limited In identifying 



a decision-making model that combines adequacy and 
group commitment and in linking this model with "con- 
sensual" modes of decision-making. Hall has defined a 
particularly appropriate objective for academic depart- 
ments, for the very individuals who make decisions la 
many departments — the faculty — are also the individuals 
who must directly implement these decisions in the class- 
room . 

A useful conflict-management model for.^cademic 
departments has been developed by Fosmire an4 Wallen 
[20]. They identify different types of conflict through 
examining several steps to be taken in any effective 
analysis of a problem. A person or group must define and 
examiUQ situaticTnal variables that impinge on the prob- 
lem, target variables that define the prpblem goals and 
directions, and proposals whereby the person or group 
can move from jts current situation to the defined 
target(s). Fosmire and Wallen believe that conflicts 
emerging from situatit)nal issues can be resolved through 
the collection of additional information, whereas target 
.conflicts can be resolved only through equitable com- 
promise. Given the clear statement of current situati(^al 
variables and targets v Fosmire and Wallen believe that 
conflicts surrounding proposals can be adequately re- 
solved using consensual modes of decision-making. 'In 
departmental decision-making, situational variables may 
include accurate* assessment of 'student needs, de- 
partmental strengths and weaknesses, and available sup- 
porting resources. Target considerations may include a 
clarification of departmental go»^, of personal values 
and attitudes, arjd of desired behavioral outcomes for 
students. Members of the department involved in pro- 
posals arising from these situational and target'consid-. 
erations will lend to feel more ownership for these pro- 
posalk and^iferhaps, work* mogf/^ctively for their im- 
plemematiffi. * ' 

Departmer|tal decision-making and conflict manage- 
ment can be improved through training programs and/or 
consultation. Training can be received from many differ- 
^ ent institutes, though most, like. the Sloan' School of 
' Management at MIT and the UCLA School of Business, 
are primarily oriented to nonacade'^rtiic institutions. The 
Center for Creative Change inHigher Education (Yellow 
Springs, Ohio) has offered an organizational develop- 
ment training prog^ram specifically designed for 
academic institutions.* The Western Interstate Commis- 
sion for Higher Education (WICHE) (Boulder, Col- 
orado) has offered a •*Management of Innovation'' pro- 
gram for higher education that provides training and con- 
sultation services (6 schools within specific regions of 
the West. The Strategies for Change and Knowledge 
Utilization program offers training programs for 
campus-change teams from selected college? and univer- 
sities throughout the United States. 

B. Departmental Team Building . " . ' 

In the past decade many organizations in the United 



\ States have recognized the value of prehminary team • 
gilding for any task group, especially if the group must 
fboction ov<r a short period of time as a * 'temporary 
society** 19]. Like any task-onented group, team build- 
ing for academic ^departments can lead to improved 
decision-making, Such team building might include dis- 
* cussions of future directions for the department or ' 
departmental roles, feedback to the chairman on ways jn 
which he helps or hinders departmental functioning, and 

• extensive organizational diagnosis, usually by an outside 
observer.^ At a different level, a team-building effort . 
often focuses on'the emotional climate of the depart- < 
ment. Members of a department are encouraged to estab- 

• lish more open and meamngful cbhtacts with^ their col- 
leagues as a means of breaking^ down barriers often as- 
sociated with isolated college .teachmg and research In 
summary, a team-building effort requires the academic 
department to pause in its current deliberations in order 

. to focus on its own operation. 

Team building has not been widely used in campus 
organizations. As in the case of departmental decision- 
making and conflict management, this component of fa- 
culty development lends to be highly threatening to fa- 
culty, and often erroneously seems irrelevant to the im- 
provement of instruction 

C* Management Development 

This panicular activity^is probably the least.threaten- 

• ing component of organizational development. Most fa- 
culty accept the value of management training, espe- 
cially if U IS for thetr department chairman rather than for 
themselves. Furthermore, management development has 

, high face validity with reference to the daily functioning 
Qf the department, as it often involves training in such 
tangbble skills as fiscal planning and adminisiratiorvr*\ 
The -management-by-objectiyes (MBO) training prO; 



higher education op fiscal accountability, and with the ' 
availability of new cost-finding instruments such as the 
RRPM programs of the National Center for Higher Edu- 
cation Management Systems^ (NCHEMS), department= 
chairmen and other middle-level administrators will be- 
come increasingly anx-ious to avail themselves of fiscal 
managem.ent training. NCHEMS (Boulder, Colorado) 
currently offers training programs throughout the country 
.in the use of their planning^ and management liystems 
instruments ^ * * 

The^ relevance of management training to a faculty 
xlevelopment program may not seem to Jbe immediately 
apparent, yet with some reflection on the linkage be- 
tween the several componei^ts of the model, the direct" 
relationship of fiscal management to faculty develops 
ment becomes dear. A faculty development program can 
'begin hi many places and arrive at many goals that are 
not immediately identifiable when the program begins. 

PERSONAL DEVELOPMENT: CHANGES 
IN ATTITUDES 

An effective faculty development program often 
causes a faculty. member to reexamine his own life goals 
and values. He muy try^ to improve his interpersonal 
skills and his ability to be creative and risk-taking in his 
design and execution of course programs. Such changes 
in personal ^tyle inevitably have a profound effect on 
other aspects of his life In designing a faculty develop-- 
nlent program, one must be fully aware of the spin-off 
effects from a successful program, which, by definition, 
changes people. All too frequently, we compartmen- 
talize our images Of change, neglecting the fact that 
when we change the professional performance of fin in- 
dividual we have usuall^fouched his family life, his 
relationship with his colleagues and students', and 



gram is widely used in management development (IT^c^perhaps even his life^oals 
. ->Q im n,.,^^ riiffiic.on r»f/mi««ion anH poals in An effective faculty dev 



42, 28. 30]. Given the diffusion ot/mission and goals in 
most academic departments. the JiBQ progFam may be 
particularly helpful in providing"cT3rttyTnd consistency 
in the often chaotic management of academic depart- 
ments liOl MBO programs are currently being offered 
to acadennc administrators through the National 
Laboratory in Higher Education (Durham. North 
Carolina). The Managenal Grid [\ 1 , 12] and Teleomet- 
rics programs (Austin. Texas) also* provide valuable and 
somewhat different training resources to academic ad- 
ministrators, thougl] the programs are pnmanly designed 
for corporate executives. Similarly, many of the 
executive-level management training programs of the 
National Training Laboratory are of potential use to the 
college administrator'. 

A management development program might -altema- 
tivefy focus on the financial aspects of administration. 
The chairman or other administrative members of the 
department can readily benefit from training in the man- 
agement of budgets. With the .increased emphasis in 



An effective faculty development program may tem- * 
porarily produce*feelings of isolation from his colleagues 
for the new educational innovator. This isolation'can be 
very difficult to cope with, especially if one of the prim- 
ary forces previously preventing the individual from ex- 
perimenting with new ideas was his fear'of rejection. On 
the other hand, the professor who has suddenly found 
teaching to be personally gratifying and has found his 
relationships with students to be satisfying may find that 
such changes are viewed with mixed feelings by hi,s own 
family, >vho previously held a much larger proportion of 
the professor's attention and interest. ' ^ ' 

The personal development dimension of faculty de- 
velopment makes three basic assumptions^ First, one 
must be prepiired for events which superficially may in- 
dicate thafthe program has been at best unsuccessful or 
at worst destructive. Faculty members who have partici-* 
pated in a faculty development program may expeneke 
emotional problems that reflect the difficult steps usuaHy. 
-associated with significant personal growth Such **prob- 
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lems*'^ poin{ to the second assumption, namely, that a 
faculty development program must provide personal as- 
sistance to the indfviduill who is struggling with personal 
issues On a preventive leveU informal discussion ses- 
. sions led by trained counselors or personal growth lead- 
, ers should be provided. Preferably,, the program should 
offer life planning laboratories, m which faculty mem- 
bers can deal constructively with personal issues in a 
low-threat and supportive environment Given the unfor- 
tunate fact that some instructional' styles are elaborate 
defensive sUnctures covering serious emotional prob- 
Jems, it is also ne^pfEjr that corrective, supportive, or 
therapeutic servicesl^avaUable to individuals participat- 
ing in a faculty development program. Any workshop'or 
* personally oriented training session being conducted as 
part of a faculty* development program shoufd be de- 
signed in consultation with a clinical psychologist, coun- 
selor, or psychiaunst, who should be^consulted concern-, 
^g both the level of stress in the workshop and the 
means of dealing' with any pathologies that might possi- 
bly develop Furthermore, the training staff should be 
knowledgeable about clinical referrals, %ince participants 
who have g^ned trust fn the faculty development staff, 
may wish <o|ask for referral assistance A third assump- 
tion, however, must be made, a faculty development 
program* is not a therapeutic enterpnse To concretize.4he 
distinction of the;program from psychotherapy, each par- ' 
ticipant in the program should indicate, when signing up 
fc*^the program, that he fully recognizes that the program 
is neither psychotherapy nor a ^substitute for 
psychotherapy. 

Personal tJevelopment in almost an> form may be 
somewhat threatening to many faculty and ma> have 
rather low face validity ^as a means of improving inHtruc- 
*tion. Consfequently, faculty development programs are 
perhaps best not built around a personal 'development 
component, although that component fiiust, nevertheless 
be present if the need anses ^There is, however, another 
compotient- of faculty developJ^ent that has the a<!tan- 
tage of encouraging faculty tQ explore personal aspects 
of their teaching profession and is usually not threatening 
and has high face validit}/ This component is the*facult> 
interview procedure developed by Nevitt Sanford'and his ' 
"Colleagues at the Wright Institute (Berkeley. California) 
i46]^ We sh^ll turn, fir^t, to this component before 
con3ltJenng life planning workshops, interpersonal skills 
training, personal growtn Workshops, and supportive and 
therapeutic counseling. * C v 

' A. Faculty Interviews 

This particular procedure wassfirst ifsed in a study of 
values art<3 attitudes of college teachers Like most effec,- 
tive ^ction-research" projects [45], however, the inter- 
view procedure |)roved to be of value not only to the data 
collecti[)rs but also to those faculty members who were 
interviewed^ When asked to 'examine their values and. 
altitudes concerning teaching, college professors found 



' the task t9 be both enjoyable and beneficial. The faculty * 
members,^ according to Sanford [46], "are giVen a ' 
chance to reflect, on important matters that have been 
little in their attention/' Given the self-definitionof most 
faculty a^ .members of specific disciplinary groups, the 
.information that is produced by directing questions to 
them concerning their teaching and not their discipline , 
can ]3e insightful to both the .professor and' the inter- 
viewee. . . * 
The faculty interview has usuaUy been admmistered 
by a Gained professional or student in a one -on -one set- 
ting. The interview may last from one to four hours. 
Questions range from "How did you, decide to become a 
teacher"^" to "If you were not a teacher, what do you 
think you would like to be?" The one-on-one interview 
procedure has been uied at a number of different colleges 
and univerMties in the United States, and has been incor- ' 
poratedas a significant comporwnt of several recent in- 
terinstitutional programs' [40%/Altq|rnatively, the ques- 
tions contained in the Wright interview sche^le can be 
inu-oduced in a small group setting. lylembers of the 
group reflect on each question for several minutes, then 
discuss their answers with other members-of the group. 
While this latter procedure does not. usually^ allow for 
in-deptK investigation of any one member*s answers, 
each participant can compare his own responses with 
those of the other menjbers. thereby providing a social 
reglity against which to compare values and attitudes. 

The faculty interview, focusing as it does on teaching 
and learning.' is usually acceptable to most individuals, 
especialjy if it is perceived by the faculty fnember being 
interviewed as part of a research project and if the inter- 
viewer IS genuinely interested m the responses that are 
requested. The faculty interview thus becomes a valuable 
introduction to' a faculty development program. By 
focusing the att^fion'of a faculty member on his own 
assumptions ^ab^t teaching, one can awakea him to a 
vast array of issues and concerns: "Why SVn I teaching?*' 
"Do I really value teaching if I spend so little time.think- 
ing about it?'' "Are there other faculty who are also 
.interested in talking about teaching?" If the,faculty in- 
terviewtts combined with the other components that have 
been identified in this paper, then the process of change 
may eventually extend-in many drfferent directions. The 
rapport that can develop between interviewer (a represen- 
tative of the faculty development program) and inter- ' 
^viewee may sustain-further explorations by the inter- 
viewee of the available options in the program. 

» 

B. Life Planning Workshop 

This procedure can be a v6ry effective means of 
facilitating the faculty mt>mber's cntical reflection on the 
personal aspects of his own professional life. The life 
planning workshop model is based jwi the assumption < 
thai many life decisions are made^from an inadequate 
base of information. Life planning enlarges this bas^ by 
identifying relevant personal feelings, attitudes^ values;^ 
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and experiences, and ustng them as part^ of the 
decision-making process. This model has 'been u^gd 
^ quite extensively with students through student life and > 
'counseling centers. - * 

The faculty member who participates in a life planning 
workshop will find it to Jbe a logical extension of his 
faculty interview. He will be asked to reflection a 
number of questions concerning both his past (e.g., 
**Describe a peak expenence in your life*') and his future 
\e.g., **Briefly describe a typical day in your life ten 
years from today**). The life planning workshop also 
focusesNon the participant's assessment of current re- 
sources and liabilities, and provides opportunities for 
him to explore and express some interrelationships bet- 
ween feelings, attitudes, and fantasies that he experi- 
ences. A final step in most life planning workshops is the 
development of a specific project related to newly ac- 
qu i red j)erspecti v'e s . 

C. InterpersonarSkiils Training 

The profession Of college teaching mvolves a great 
deal of mterpersonal contact in a number of highl> com- 
plex settings. Given these demands, the role of interper- 
sonal skills training m a faculty development program 
becomes quite apparent. Though this type of (raining 
program is somewhat less personal than either, life plan- 
ning or faculty interviews, it can be highly threatening, ' 
especially for the faculty ^nember who lias never been" 
openly confronted with th6 effects of his interpersonal 
behavior. This component should not. therefore, be 
among the fir^t steps of a faculty development program ' 
but should foll(Jw those components like the faculty in- 
terview and the life planning^ workshop which provide 
personal support for examining difficult interpersonal is 
sues and those components like classroom diagnosis and 
mieroteaching which provide the faculty member w'lth 
interpersonally onented feedback on his performance as 
a, teacher. . ; 

Several different interpersonal siulls are ofe^particular 
importance to the college teacher. Paraphrase is a very 
Important communication skill ,*as are perception checks 
nd descriptions of feelings 149]. A college teacher coulj) 
alJtKjjrofit from e*eperiences inunstructured interpersonal 
setting^ke T-groups [48] and from such stnictured in- 
terpersonaUraining exercises as role reversal, ''shadow- 
ing" (trying to follow the thoughts and feelings of 
another person), and *Tish-bowling" (one group of par- 
ticipants observing 3(nd providing feedback to another 
group), to meqtiop but a few [43].-A^ide variety ^of 
interpersonal theones can also be profitably introduced, 
ranging from transactional analysis [10] to the Jqhari 
Windpw[33]. . 

The individuals who are conducting these v^orkshops 
must not oijly be familiar with the theoretical basis for 
the training but must also be skilled in the translation of 
the^se theories into training modahties^ Unfortunately, on 
- nfKwt-eampuscs^ ther e ar c many jiidividuals ^who are ^ 



conversant with communication theory or transactional 
analysis but are inexperienced in workshop 'design and 
implementation. Conversely, many individuals on 3ol- 
lege campuses have participated in numerous T-groups, - 
encounter groups, gestalt groups, and so forth, yet are 
not in a position to convey their learnings from these 
experiences in a helpful hianner to other people. The 
individual who has command of theory*, as well as exper- 
tise in conducting workshops, at times for skeptical 
populations, will be a valuable asset to any faculty de- 
velopment program. 

D. Personal Growth Workshop 

* ^ 

.When first considered, this component of the faculty 

development model is probably the most controversial. 
For many faculty members, personal growth workshops 
conjure up the image of a small huddle of people bab- 
bling in an incoherent manner about their loneliness, ^ 
frustrations, or sexual inadequacies. Phrases such as 
"strip and crawl" g^d *'grope group*' are bandied-about 
in a humorous but nervous manner when personal growth 
groups* are discussed in conjunction with faculty devel- 
opment. Unfortunately, these prevailing attitudes are 
founded on ignorance of the substantial and positive im- 
pact that competently run personal growth workshops 
can have.^While personal growth workshops are not the 
panacea for all social ills as some ^'groupies" would 
have us believe, they can be vehicles for significant per- 
sonal learning and ^e, at their best, safe places for an 
individual to explore new dimensions of his persqnal life ' 
and resources. ^ 

Several specific personal growth workshop models are 
particularly valuabfe for college teachers. ThC personal 
growth workshops conducted through NTL by John and 
Joyce Weir offer a personal growth model of ^self- 
management" which would seem to be very appropriate 
for instructors or advisors who wish to loosen their con- 
trol on (or by) other people. Th^ NTL '^Centering** 
workshops also offer the potential of increasing an indi- 
vidual's command of personal, creative resources. Simi- 
larly, some of the gestalt workshops, if chosen with care, 
can be usefuj personal growth experielices for the college 
teacher. * 

With proper training, members of a faculty develop- 
ment staff could specifically design a personal gr6wth 
workshop that focuses on instruction-related issues. 
These workshops must/of course, be conducted under a 
-Strict code of ethics, with adequate clinical consultatioh. 
Furthermore, this segment t)f a faculty development pro- 
gram must be considered ''advanced'*; it should be 
opened only to faculty who have participated in other 
aspects of the program and have exhibited emotional, 
stability and an absence of pathology. 

E. Supportive and Therape^c Counseling 

— Arfacutty-dev^ opment staff should make counseling 
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and thcnq)cu6c resources available io faculty members 
wh6 have found, through the faculty development pro- 
gram, that they have significant 'emotional problems 
vAiich are preventing them not only^from being effective 
•teachers but also from leading fulfilling lives. In many 
instances' the counseling component ^will precede the 
other components for thpse individuals who exhibit some 
pathologies. The faculty member who has benefited freiou 
^ supportive or therapeutic counsefflg may, subsequent to^ 
this treatment, wish to make use of the other resources of 
the faculty deyelc^ment program. With personalized and 
prof essionaf attention, mqst faculty should ultimately be 
able to benefit from all 'aspects of the faculty develop- 
ment program. 

JMPLEME>^T^NG A FACULTY DE-^ 
(TEl>^PMENT PROGRAM 

The v^ous components which have been discussed 
by no means encompass all activities that may cc^prise ' 
a faculty development program. These components*, « 
however, are among those that have been shown in di- 
verse settings to produce thfe greatest impact on the 
teaching-learning environment of a campus. In construct- 
ing a program that incorporates these components, one . 
nw^face the limitations in lime and resources. A com- 
preh^sive faculty development program is certainly not 
a p^rt-lime responsibility for one faculty member or ad- 
ministrator, nor is it a 'program that can' be carried out 
exclusively with volunteer help. A faculty development 
progra^ begun with serious intent. must be adequately 
staffed by professionals, with additional support pro- 
vided by^other available campus resources, including 
both faculty and students. 

A critical decision Jor any faculty (development pro- 
gram comes when an entry point into the system is iden- 
tified/ Although this decision may have already been 
made as a result of previous progrartis, the m6st appro- 
priate entry points are probably faculty interviews, eval- 
uation (especially self and student), and management 'de- 
velopment The first of these entry' paints is preferred, 



because it is both of low threat and of direct relevafice to 
teaching and learning. The second entry point is rather 
threatening, while the' third* entry point is not directly 
related to instruction^ improvement, although it can be 
an effective first st^ep if the faculty are more immediately 
concerned with administrative tiian instructional issues. 

Critical decision points are also often found in Ihe 
movement from one component or aspect of the program 
to another. Movement between components may be dif- 
ficult either because one component does not lead logi^ 
cally to the next or because one comp^onent does not 
adequately prepare the faculty member for the next. 
Though all of the components should be defined at the 
staa of a faculty development 'program, they should be 

fublicly introduced only when they seem to be appropri- 
le from the developmental perspectiveoOf the partici- 
^ pants in the program and the institution being serviced by 
the program. Thus, components such as personal growth 
and departmental team building should not receive high 
visibility at the start of a faculty development program, 
but should instead emerge as the participating faculty 
members recognize the need for these services. 

CONCLUDING COMMENTS 

The processes of change, as they involve any person 
or institution, are always subtle and ill defined, and a 
successful faculty development program will not 
necessarily answer all of the problems of the institutioli 
\n which it has been Conducted. The>fact^ that some 
changes in faculty attitudes, processes , or structures hav^ 
taken place, however, is itself justification for the pro- ' 
gram. But a faculty development program that is suc- 
cessfu^will usually have a bj^oader impact on the campus 
than may have been initially anticipated. Faculty de- 
velopment^ may merge into academics community de- 
velopment'. Under such conditions, we' will be con- 
fronted with new challenges as well as new insights into 
the proljlems of higher education. If such is the case, 
then our efforts at faculty development may be of greater 
significance tiian any of lis may now hope or imagine. 
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CHAPTER FIFTEEN 

DESIGNING A FACULTY. 
DEVELOPMENT PROGRAM 

**Paculty*Develppment'' is a term which encompass^ 
a remarkably diverse set of assumptions, activities, and 
goals. While every, faculty develbpjnent prpgram should 
hold incre^ed student leaming^s its primary goal, there 
are cnany justifiable ways to enrich the quality of learn- 
ing that can take place io higher education for both stu- ' 
den|s and faculty. 

A. Components of Faculty Developm^t 

In examining these various approaches, it would 
perhaps be useful to identifying interrelate the various 
components which constitute faculty development. The 
expository sections of this handbook have provided a 
discussion of some of the mWe important components in 
a training or consultation-oriented faculty development ^ 
program. To summarize this list of components, we 
suggest the following organization: 

I. Instructional Development is composed of 
A- Evaluation 

B. Diagnosis 

. C. Training: Traditional Methods 

D. Training: New Methods and Technologies . 
Curricular Development 

' II. Organizational Development is composed of 
A. Team-Building 
*B. Decision-Making 

C. Conflict-Management 

D. Problem-Solving 

E. Managerial Development 

III. Personal Development is composed of * 

A. Discussions ^bout Teaching 

B. Career and Life Planning 

* C. Interpersonal Skills Training 

• ♦ D. Personal Growth *^ \ ' 

E. Therapeutic and Supporuve Couj^eling 

^ \ 

While each of these components can play a potentially \ 
major role in creating a successful faculty development 
program, the sequence in which they are presented may 
f be even more important. Some of these component 
should be introduced before oth^s, either because one 
develops logically out of another or because some are 
less threatening or morjj^easily implemented than others. 
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Early succes^ can «build a basis of credibility for the 
program that will allow for the introduction of other 
components. 

As an example of a developmental sequencing of 
components, consider the relationship between instruc- 
lipnal diagnosis and training. Frequently, faculty de- 
velopment programs provide training in basic teaching 
^kills or in the use of new instructional methods, without 
having first provided the faculty jnember with informa- 
tion about his current performance. In essence, this 
sequence asks the instructor to make decisions about sig- 
nificant changes in his st^le or method of teaching with- 
out adequate information abouishis current performance 
in the classroom. A diagnostic cohw)onent cleariy should 
be mtroduced along with or before a^aining component. 
Conversely, an evaluation or diagnostic component 
Sjhould not be left standing alone in a faculty develop- 
ment program, for if the faculty membw receives evalu- ^ 
atjve or descriptive feedback about his performance^ in 
the classroom, yet is provided none of the resources that 
are necessary to bring about change in this perforniancej^ 
then he quite justifiably cannot be expected to improve 
his teaching. Every piece of information that is generated 
from an evaluative or diagnostic instrument should be 
coupled with an available training compdnent; other- 
wise, diagnosis is likely to be more punitive' than benefi- 
cial. 

As an example of a sequencing of components to build 
credibility and support, >ye can examine the relationship" 
between ^^discussions of teaching" and *Mife planning.'' 
^ile the. latter is extremely important in any faculty . 
development program attempting to touch on the per- 
sonal domain of a faculty member's life,*it is often mis- 
understood and consequently rejected out of hand by 
^faculty. Discussions about- teaching, on the other hand, 
are obviously appropriate to faculty development, and 
hence should precede, 'and may lead toward, the life 
planning component. 

The problem of sequencing is particuUuly important 
when considering the first steps in a faculty development 
program. In some instances, these will have already been 
decided. A president, for example, may decide that fa- 
culty should receive training in the use of self-paced 
instruction, or that facultyshould all be evaluated 'by 
students, or that incentive grants should be given to fa- 
culty who try out new -methods in the classroom. The 
effective faculty development consultant will at this ' 
point usually not try to change such decisions unless they 
violate His ethicaLor professional standards. Rather,. the ' 
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consultant should work fronUP^^nstitution's own defini- 
tion of the problem and desired outcome; he may wish, 
however, to expand the plan and possibly even redirect ' 
its definition, while at the same time providing servicg>^ 

• that directly confront the initially defined proWciru-^ 

If the consultant is given the opportunity to define a 
point of entry, he should make this decision on the basis , 
of a systematic assessment of institutional environment 
and goaSs' and on the basis of institutional acceptance of 
the services being proposed. One specific jntry service 
(for example, faculty evaluation) may seem right for .a 
particular institution, given its current problems and 
goals, ajid may maj^ developmental sense, in terms of 
the other compone^s of faculty development. However, 
if ^jjf^lty find this service to be tod threatening, then 
anotSer entry service should be jjlentlfied which is hot as 
threatening, like discussions about leaching. This 
service, in turn, s|iould be designed to lead the partici-' 
pants, and eventu^ifiy the entire institution, toward a rec- 
ognition of the importance 'of more far-reaching ao- 
tivities. * 

I Several of the components identified in this book are 
particularly appropriate entry points. (1) ^^Discussions 

• ' on Teaching," (2) evaluation (especially self and suj-"^ 

dent), and (3) managerial development. The fii^t of these 
^* ' entry points is particularly effective, for it is^^f low- 
threat and IS directly relevant to teaching and learning. 
The second entry point may be rather threatening, while 
the third may be an effective first step only if the faculty 
is intimately involved with administrative issues. 

B. Strategies for Faculty Devel<^pment 

Decisions* concerning the sequencing of various fa- 
culty development components unfortunately are often 
made neither on the basis of an assessment of institu- 
tional envic0nments or goals nor on the basis of a logical 
sequence of development. Frequently^ these decisions 
are based on untested and even unsfated assumptions 
about how people and institutions change. These as- 
sumptions often form an elaborate construct or 
**paradigm,''2 a configuration of particular concepts, 
* materials, methods, technologies,, and modes of evalu- ^ 
ation .through which the process of change is seen 
Paradigms vary from individual to individual and institu- 
tion to institution. To the extent that these paradigms are 
untested and unarticulated, each individual and institu- 
tion not only is unaware of holding a particular paradigm 
but also is unaware that dny other paradigm mighf fee 
equally valuable. % 



• For a fuller discussion of lh)s point, see an article by William H 
Bcrgquist forthcooiing in a collection from Jossey feass tentatively ti 
tied Elements of Survival 

* This tcnit has bc<fn used by Thomas Kuhn in his important study 
The Structtre of Scientific Revolution (2nd ed . Chicago University of 
Chicago Press, 19;0). ' 
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In order to 'increase awareness about alternate faculty 
development paradigms.^ we offer a list of eleven 
strategies. Each will be briefly described in term's of 
three issues. (1) assumptions abguf change ,.(2) assump- 
tions about teaching and learning, and (3) assumptions . $ 
about the tli^ory, concepts, or tools of faculty develpp- 
ment. Four program designs .based on several of these 
strategies are offered as supplementary documents to this^ 
^chapter. A forthcoming book by Jeny Gaff, to be pub- 
lished by Jossey-Bass, will describe in, some detail^ the 
activities of numerous instructional improvement centers 
thrpugho4t this country (see Appendix A) and will hope- 
fully provide a much more sophisticated categorization 
and description of these various faculty development 
strategies. 

M, Strategy Number One;*rraining 

•PaCulty development program^ that exemplify this^ 
strategy. ten^ to be based on the assumption that-ch^ge 
occurs primarily by giving people new skills that.cah be 
used not only^n the performance of specific tasks like 
teaching but also^n the accomplishment qf change itself. 
It is assumed that reward or punishment systems pe-r se 
will not change people; rather individuals must be pro- 
vided with new skiUs, attitudes, and behaviors that are 
' appropriate to the desired change. Faculty development 
practitioners who embrace a training paradigm usualjy 
assume^ that faculty will \>c more effective 'teachers if 
they are provided with n^w skills in conducting tradi- 
tional courses and in using^new methods or technologies 
which reflect new attitudes^ about tea6hing and learning. 

The training paradigm emphasizes the use of both 
shor^ and long-term workshops, as. well as classroom 
diagnosis. Personal and instructional develgpwe^ both 
• tend to be emphasized in this [Jaradigm. CJrgaHizational 
development is only partially employed; faculty are 
trained*»jn the use of such^ organizational skills as 
deoision-making and conflict-jnanagement, but there is 
usually bnly indirect concern for organization-wide 
'diagnosis, feedback, or intervention. 

Several sequences of faculty development components ^ 
have been frequently used >i\h some success in 
training-orienled programs. One, sequence, which is 
more fully descnbed^n Planning Document Number 
Four, involves, first, one or more basic week-long in- 
structionaUlevelopment workshops, usually held during 
. the sumrner. These workshops focus on teaching 
methods, training and teaching skills, exploration of as- 
sumptions, values, and philosophies associated *with 
. teaching, and training in decision-making and problem- 
solving. Once a certain number of faculty (usually at 
least ten percent) are involved in the training program, it 
can begin to expand beyond the workshop level. Faculty 
may be dfcered cfassroom diagnostic services. Contacts 
• may be e^f^ished between faculty who want to explore 
certain^areas and faculty who haye expertise in that afea. 
Departments and divisions may be trained in the u^ of * 
specific organizational skills. 
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An altcmite sequence begins wifti short-term, on- 
campus ^mhjars that focus on specific methefds or 
•techiiologies. Usually a rather large number of faculty 
wHl .participate in these seminars over a two- or three- 
year paiod, though these seminars in and of themselves 
will rarely have a significant impact. Once the credibility 
of the program is established through thpse semii^s; 
other types of services may be offered, including mor^e 
extended workshops, peer assistance programs in which 
one facuhy ^member works with another in a specific 
area, and classroom diagnosis. This more cautious 
' sequencing of components is appropnate in a coHiege or 
university that is not particularly supportive of faculty* 
development or the improvement of teaching from a 
nondisciplinary perspective^ ^ 

2. Strategy Number Two: Consultation 

The consultation-oriented jfpproach^to faculty de- 
- velopment, on the surface, ^eLms to be similar to the 
trailing strategy. However, thJ^e are distinct and/impor- 
tant differences between the two The consufcation 
paradigm does not begin with an assumpftion that training 
is always an important aspect of change. As a matter of 
fact, at least one consultative model begins by rejecufig^ 
the basic assumption concerning the desiralJflity of 
change itself.^ 

A person using a consultation approach to? faculty de- 
velopment will not begin wjth any well-developed pre- * 
conception about what thcpro^ems are in the teaching 
and learning process. He will usually make extensive use 
of information collection, analysis, and feedbaclc after 
having taken the most cntical and often controversial 
'^step in the consultanve process, the identification of the 
client: is the client the faculty , tK^ president^ the trustees , 
or thfe students? 

The client, opce identified, will define the goals of the*^ 
program. Given the necessary responsiveness of a con- 
sultant to his client; np one* sequence of components' can 
be defined as being **typicar' of this strategy. Only in 
the case of the entry point is there a common pattern 
among consultants. Prior to any consultative inte^en- 
tion, some clarificaljon of the chat's problem u^lly 
occurs, along with the establishment of a preliminary 
contract in which the obligation and expectations of boJ), 
client and consultant are speH||i out in some detail. 
Many consukatiVe proc^;&ft#i^are basically a recycling, 
between information collection a^d clarification and con- 
tracting between the client and consultant The primary 
goal of the ransultaiH in this process is to generate' valid 
and useful m^fmation for the client, whUg^increasjng his 
optiohs for action. Needless ^ say, thi$ type of dispas- 
* sionat^, almos^detached. process can rarely bo^chieved 
by ail individual who works within^the organization to be 
served. At an early stage, extemal consultants c^usu- 



ally do a more effective job than consultants who are 
based within an organization 

-^3. Strategy Number Three: Personal and Orgamza- 
tional Development \ - . * 

Personal and organizational development strategies* 
are grouped together because they both emerge from the 
single paradigm of applied behavioral ^ence. Bejgin- 
ning with the work of Kurt Lewin in the 1930's and early 
r940*s^ a steadily accumulating set of theories; modelsrr^ 
and techniques have developed around the, basic assump- 
tion that the process as' well as the substance of change 
must be planned and managed if change is to be success- 
ful and pr^uctive. Both the personal and organizational 
aspects of ehange are emphasised,, with attention being 
given to such issues as (1) sense of ownership for the 
change process, (2) development of coll^t>orative rather 

• than competitive relationships in the solution of personal 
. and organizaiional problems, (3) recognition of the per- 
sonal as well as organizational benefits and costs of a 
specific policy, and (4) creation*of an organizational.cli- 
mate that is characterized by trust, ppenness, and inter- 

- dependence.'* Many of the exercises, handouts, and In- 
struments offered in this^ handbook reflect this paradigm. - 
The personal and. organizational development 
strategies differ somewhat from the training or consult- 
" Wg strategy in that their orientation is not primarily to- 
ward Instruction. Herein lies both the strength and 
weakness of both the personal ^nd organizational strate- 
gy for higher education. In the re.cognition of personal 
and organizational dynamics that are conjjjion to all 
human systems, the applied behkvioral scientist is able to 
translate important learnings gained in one setting to a 

^ seemingly quire different institutit)nal setting. These 
practitioners, however, often ignore some of the essen- 

* tial differences between the systems which they serve, 
. and at times neglect the essential problem with which 

they were initially confronted by the client system. A 
faculty development consultant, for instance, who indis- 
criminately uses sensitivity training, team-buiTding, prq- 
cess observation, or life planning will often find that his 
^ client -grows impatient in waiting for him to directly re- 
spond toan entry problem that is likely to be concerned 
with b^frar teaching. , ^ 

^ 4. Strategy Number Feur: Method-Pr^otion 

The fourth strategy to be considered also, initially re-, 
sembles the training strategy. Method-prtfmotion, ^ 
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* Chns Argyns, Intervention Th^qry and Methoti A Behavioral Sc i 
etTice VUw (Reading. Mass. Addi»on- Wesley,. 1 970) 



• * Alfred J 'Marrow. Practtcal Theorist. The Life and Work of Kurt 
Lewin (New York: BaJjc Books, 1969). 

^ For further discussions of this issue, see Edgar Schein and Warren 
Bennis, Personal and Organizational Change tflrtfik^Group Methods 
(New York/Vijcy. 1965); Warren Benms. Kenneth D. Berne and 
Robert Chin me, Planning of Change (New York: Holt, 1969); Warren 
Bennis. Organization Development. Its Nature, Origins, and Prospects 
(Readmg. Mass. .^^ddison- Wesley. 1969); and Wendell L. French and 
Cecil H Bell. Jr . Organization Development (Englewood Cliffs, New 
Jersey; Pfcntice-Hall, 1973) - « 
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hoNvever* differs from the training strategy in that the 
primary focus it on a specific method of instruction or a 
•particular educational technology. This strategy has been 
widely used in recent^ years for the promotion of 
critenon-reference instruction, self -paced instruction, 
the Keller Plan, and personalized self-instruction. These 
methods enable a student to master specific skills or 
knowledge in order to pass a course or receive a certain 
grade. Programs which promote the use of these instruc- 
tional tools have been widely established in such-diverse 
settings as the United States Air Force (the Community 
College of the Air Force) and Cleveland State Univer- 
sity. Similarly, a dominant emphasis has been placed in 
some faculty development programs on the use of expe- 
rience-based metnods, instructional simulations, or 
audio-tutorial devices. 

The specific methods or technologies being promoted 
are, of course, assumed to be at Teast partial answers to 
the\|f aching and learning problems encountered in col- 
leges and universities. The sequence of implementation 
usiaally leads from -an emphasis on the specific rnethcxi or 
technology to either classroom evaluation or diagnosis. 
Personal and organizational development components 
are generally only important to the extent thalthey pro- 
vide support for the personal and/or institutionJ^ accep- 
tance ^f the instructional tool being promoted ] 

' 5. Strategy Number Five: Instructional Materials 

This strategy is often hard to discnminate froni the 
previous sU'ategy, for in m^y instances new iiwuc- 
tional matenals are developed as part of the pft^cess of 
promoting the use of a specific method or technology 
This sU'ategy, however, can embrace a far more eclectic 
approach to the development of instruction and will at 
times much more closely resemble either the u-aming or 
consulting sU'ategy. The assumptions about change that 
are usually associated with thrs sU'ategy center on the 
availability of resources: people are not more effective, 
or do not change their mode of operation, because they 
aire neither provided with the necessary resources nor the 
expertise to generate new resources Specifically, faculty 
have -neither the U-aining nor the time to develop highly 
sophisticated insoiictional matenals. Change, it is as- 
sumed, will take place when these resources become 
available. 

The new instructional resource tenters that have been 
established at several institutions, most notably Syracuse 
University, either provide faculty members with pre- 
pared insoiictional materials or work closely with the 
faculty in the design of matenals that are specifically 
tailoi^ to the insuiictor's goals, knowledge, or pedagog- 
ical onentation. This type of faculty development pro- 
gram holds great promise for the future, especially with 
the increasing emphasis being placed on fiscal accounta- 
bility. ThoMgh many faculty resfst'the idea that an in- 
structional Jpeciatst who is not u-ained in their discipline 
may be helpfftt^is type of service js being used with 



* increasing frequency in many of the insuiictionaj re- 
source centers now in existence. 

The materials-oriented faculty development program 
usually begins in a consultative manner, with members 
of the staff working with a few faculty on tKe'identifica- 
tiqn of existing materials or on the development' of new 
materials As the program gams credibility, the insOiic- 
tional resource center staff ^will ohen offer U-aintng pro- 
grams both to acquaint faculty with the diversity ^of 
pedagogical tools th^t are available and to improve the 
skiJJs of faculty in the design of their own materials. 
Workshops on insuiictiopal simulations, for instalrce, 
.caifnelp faculty in designing their own simulations, as 
well as in selecting existing simulations that are appro- 
pnate to their own specific insOiictional ne&ds At a more 
advanced stage, the insoiictional resource consultant 
may work with an entire department or division on total 
instructional programs. Atjhis point, t*he resource con- 
sultant may be moving, into the much broader area of 
curriculum development If the resource center staff is 
aware of and prepares for this expansion of serviced, at 
can gain even greater credibility and can prodyce even 
more significant change than it may have originally^ 
thought possible. , ^ " * 

ft 

6. Strategy Number Six: Equipment ' 

As mentioned in the inU'oduction to this handb(ftk, 
many of the major attempts jn the past to improve the 
quality of instruction have focused on the acquisition of 
new instructional equipment like slide projectors, video 
tape equipment, and computers Several current pro- 
grams' that are descn1)ed as **faculty developmental con;^ 
tinue to be/ primarily. concerned with the acquisition of 
such eqvupment- While there are numerous weaknesses 
inherent in this approach to change^^Tcan be a viable 
strategy, particularly when used in large, research? 
onented institutions, provided it is coupled with an effec- 

" tive training and promotion program. ♦ 

The equipment paradignfin higher education clearly 
reflects the more general **technologicar^ paradigm held 
by our society. It is assumed that many social system 
problems* like physicaj system problems, caB be solved 
through technological innovation and dissemination. If 
we can send a man to the moon, so the argument goes, 
then we should be able to develop and distribute insoiic- 
tional equipment that will increase me efficiency as well 
as the quality of the teaching-learning proces^. The 

* methods and concepts embraced by this paradigm focus 
on the invention, innovative use, and dissemination of 
technology. Many of the p^pople Who ^^flSbrace ttiis 
paradigm are fully aware of mt personal and professional 
problems associated wi^h these three phases of 
technological change.^ Thus, the sU"ategies of u-aining, 
c'onsultation, and organizational development may be ef- 



" Donald A. Schon, Teihnology and Change The New Heraclttus 
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fectively employed in conjunetion with the equipment 
strategy, Without this expanded conceptualization 
technological dteams which j»6ny hold will never be 
fulfilled. . y 

7. Strategy Number Seven: Discussion 

This strategy reflect the traditions of higher education 
and is readily embraced by and rarely threatening to 
many faculty members'. Practitioners who employ this 
strategy usually assume that faculty entering into in- 
depth discussions about their^teaching will gain a pore 
mature perspective on the leaching profession and a more 
explicitly defined educational philosophy If the discus- 
sions are held over an extended peried of time with the 
assistance of a trained leader, they may produce signific - 
ant p^onaPand/or professional change The work of 
' Nevitt Sanford and his colleagues at the Wnght Institute 
probably best exemplifies this strategy (see Chapter 
Twelve) The faculty development program now being 
conducted at California State College in Northridge by 
Daniel Sedey exemplifies a variation on this strategy A 
small group of faculty are selected each year to parti cj- * 
♦pate in a 'seminar on college teaching These faculty 
members are given release time to attend as well as pre- 
pare position papers, research projects, and s^ forth for 
the seminar group Through the seminar discussions, fa- 
culty explore a^wiBe variety of issues related to college 
teachiijg In the process of discussing these issues with 
their colleagues, the participating faculty clarify their 
own assumptions about teaching-'and explore alternate 
modes of learnings 

8. Strategy Number Eight: Evaluation 

As indicated in Chapter Three evaluation is an essen- 
tial, though oft|n abused/ cij^rnptpnent of, any goal- 
dl^eclorf' system It often serves as an entry point for 
faculty devefopment and is among the most widely used 
tools for the improvement of instruction. The evaluation 
paradigm is based on the assumption that ch^nge^ takes 
place when a faculty member is confronted with informa- ' 
tion about his performance in the classroom, through 
diagnosis and evaluation. % ^ • 

A faculty evaluation program is based on the assump-* 
tion that evaluation can serve a constructive and de- 
velopmental purp\)se Some evaluation programs, 
however, are implemented primarily to' provide 
academic administrators with infomation to be used in 
making decisions about tenure, promotions, andsalanes. 
•This latter use of evaluation is frequently associated with 
the reward system appjoach to faculty development to be 
discussed next. "a ^- 

Since we have already adcfl^^ssed the use of evaluation 
and its sequencing with other comp^j^entsln some detail 
in several other chapters of this book (particularly in 
Chapter Three},n3it is enough to say at this point that ^ 
evaluation should not be dismissed as an inappropriate^ 
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faculty development strategy, for many colleges and 
uni^rsities are eager. to begin at this point. 

9. Strategy Number Nine: Reward System 

Most practitioners in the fr^ of faculty development 
would agree that support for faculty development must 
ultimately come through a set of policies and procedures 
which tangibly rewarcfthe improvement of instructional 
performance. If faculty are not rewarded fof the im- 
provement of *their teaching skills, then a faculty de- 
velopment program must rely on more subtle, and «ften 
fickle, motivators like student acceptance, colleague 
recognition, self-esteem, or a sense of personal achieve- 
ment A college or university must embrace a policy 
which provides (I ) an equitable, objective system of per- 
formance evaluation, (2) resoucces to the faculty member 
for the improvement of his performance, and (3) tangible 
rewards in terms of salary , promotion, an(|^ tenure for the 
improvement and/or maintenance of a high level of in- 
structional competency. 

A number of diffft'ent approaches have been taken in 
the use of this strategy. Several state systems have given 
small grants to individuals who wish to experiment with 
new methods in the classroom^ Other institutions provide 
release time or sabbaticals to particularly competent in- 
structors. Still other institutions, suc^ as Gordon Col- 
lege, haVe moved toward "growth contracts*' whereby a 
faculty member and his academic supervisor establish 
explicit criteria fot* assessing and rewarding not only per- 
formand^Jbut also improvement. " 

The" question is often asked: "Ho\«^do we 'motivate 
faculty to improve their teaching?" One ans^ver to this 
question is a tangible reward system: If faoTlty are paid 
to teach better, then they will teach better. This answer 
should be and usually is followed by a statement that the^ 
^institution must provide additional services to help the 
faculty member improve his teaching performance. Un- 
fortunat ely, oh some occasions this latter statement is 
neglected, which indicates a simple-minded and, 
mechanistic approach to change. An alternate response 
can be given, however, to the question of motivating 
faculty: improvement in instructional abilities is itself 
often rewarding. Like most people, teaching faculty do 
not enjoy doing an inadequate job in their chosen profes- 
sion. The experience of repeated failure in the classroom 
is usually painful and humiliating. Once faculty have 
acquired and begun to use new instructional methods or 
have improved their skills in using traditional approaches 
they begin to experience greater success in the^ class- 
room. This experience, in and of itself, often motivates 
faculty to work even harder on the improvement of their 
instructtbnal skills. . - ^ 
' ■* • ♦ t« 

10. Strategy Number Ten: Career Transitions 

This strategy has been used less frequendy than any of 
the others, yet in the near future it may be among those in 
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greatest demand and potentially of great significance. As 
faculty members critically examine their poles as 
teachers, some will find that they are not in a profession 
which they highly value. During the nud*1970's the rec- 
ognition of* this fact may be particularly common and 
painful, for many facullvj^ho view themselves primarily 
as researchers or schofars have found that adequate fi- 
nanci!^ resour<:es for these endeavors are no ^etig'er 
forthcoming. As they turn toward teaching, they find 
themselves in a role^they do not prefer. Tufning in other 
, directions, however, they find professions which are 
eitiier over-employed or inaccessible. When this di- 
lemma is compounded by the problem of steady-state 
financing and faculty retrenchmenj^he problem of 
academic career transitions' becomes^ area of poten- 
tially major concern in the very near future. 

Faculty development is an appropriate vehicle for as- 
sisting faculty members through major career transitvw*^ 
Several institutions, hke the Kansas City Regional 
Council for Higher Education, have incorporated this 
type of activity in the iniUal planning of their faculty 
development program. In other faculty dey^pment 
programs, this area of concern will gradually emerge as a 
natural extension of efforts at improving the performance 
of faculty in their pntent jobs. Workshops ,can be con- 
ducted, for instance, in which faculty engage in a de- 
tailed career and life planning sequence, or in which 
faculty 2/t trained in various managerial skills. 

A faculty development program staff migRl^sttee-help a 
faculty member assess his current skills and compare 
these skills with skill profiles from other pr§fessional 
fields in order to identify common areas. The interper- 
sonal, design, and research abilities of many faculty 
members are very appropriate to certain other profes- 
sions. This diagnostic process can also^ of value in 
helping the faculty member identify areas for further de- 
velopment. Exchange programs between faculty and 
administrators can further aid the. career transition, as 
well as provide an institution with potential channels for 
* reemployment of displaced faculty. 

11. Strategy Number Eleven; Comprehensive In- 
stitutional Development 

Aliis final strategy h6pefully reflectj the future direc- 
tion of faculty development pj'ograming in American 
higher education. Presently, faculty development is a 
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movement with many disciples, detractors, prophets, 
and princes. Atlimes it looks like a fad. It certainly isnot 
a panacea, nor wilUit evec^ solve all of the problems 
facing colleges and univer^itres today. If i^g^ted front or 
even working against other vihil issues confronting an 
institution, it will have little or no impact. Yet if faculty 
development is systematically, and patiently implehilnt^d 
as part of a comprehensive program of institutional r6- 
newal, it can have profound and lasting impact on the 
lives of faculty, their administrators, and Hi^txx students. C 

A danger^xists, however, in making faculfj^-de- 
velopment part of a larger program of institutionaL. 
growth and development. inj:orporation pan leaJ to diffii^ * 
sion and even elimination. Just as the central functioif^f 
a college or university — teaching and learning-«-can be-, 
come lost or neglected in the ^re^s of committee meet- 
uigs, professional conventions, and research contracts, 
so, too, can faculty development become lost in institu- 
tional goal setting or administrative team-building. * 
Perhaps the one thing, held .in common by previous^ ap- 
proaches to instructional improvement is a failure to 
reach faculty, particularly faculty in the arts and sci- 
ences. Even at this early stage in its growth, faculty 
development ha^shown that it can reach these individu- 
als. Faculty development may well become "part of a 
larger process yet, when this happens, care must be|aken 
that it becomes an important component of that process. 
If this happens, faculty* development will find its appro- 
priate place as a major force for improving the quality of 
learning taking place in the nation's colleges and univer- / 
sities. 

The processes of change, as the^J involve any person 
or institution, are ^vays subtle^^d ill-defined. One 
should be amazed that any significant change ever takes 
place and should feel gratified if 'this^ange has in part 
been attributable to one's own efforts. The fact th^ome 
changed in the performance of faculty in the classroom 
^have.4^ken place is itself justification for a program of 
faculty development. However, a program that is suc- 
cessful will usually have a broad^ inipact on the campus ' 
than may be initially anticipateS:As'the potential source, 
of^ comprehensive institutional^Uevelopment program, ^ 
faculty development will be confronted with new chal- 
lenges as well as new insights intoihe problems of higher 
education. If such is the ca^, tfien our efforts at faculty 
development may be of greater ^ignificapf^ than any of 
us now hope or imagine. ^ 
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William H. Bergquist and Steven R. Rhillips, **Models for Faculty' Development,,*' A 
Handbook for Faculty Development, Volunje II (Washington, D.C.: Council for the 
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CHAPTER ONE 

MODELS FOR FACULTY 
DEVELOPJVIENT 

■ Higher education in'^the United States' has undergone 
in Ihe last ten years a transition so profound as to be 
" revolutionary. , Vietnam, student unrest, declining en- 
rollments aijd financial retrenchment have all brought at 
times almost unbearable pressure on educational institu- 
tions and structures. Faculty development has been very 
much bothia part of and a response to these^ rapidly 
changing candilibns. Administrators and students have 
voiced legitimate concerns over the quality of teaching 
and learning in higher education. Lack of faculty mobil- 
ity has forced institutions to lool; inward for new sources 
of -growth and challenge.^ The need to survive in the face 
of increasing financial constraint has led both faculty and 

' administrators to reexamine organizational patterns and 
structures. These and other forces are clearly behind the 
emergen^re of faculty development. Yet it may be that 
faculty development, brokdly^coneeived as a movement 
concerned with the entire state of higher education, is 
considerably mbreihan simply a response to crisis. 'Aj 
this point, as many recently established faculty develop- ' 
ment programs begin to move toward maturity* some 
reflection on the state o^f facility development seems in 
order. Consequently in tKis opening chapter we would 
like to begin by examining some of the implicatiojis of 
faculty development for higher^ education. Next we 

^ would like to Jook at some of the competing theoretical 
approaches to faqulty development current today and, 
finally, we would like tb suggest a newer and somewhat 
broader way of conceptualizing the place of faculty de- 
vel6pment in-an institutional content. ^ 

A. Paradigms and Assumptions^ ^ ^ / 

In The Structfire of Scientific Revolutions Thomas 
Kuhn articulates^a theory of intellectual change that has 
had signiftcanV impact not only on the histoid of science 
butjalso on ather historically oriented disciplines a^ well. 
Although faculty development is not directly concerned 
with the shift from a Ptolemaic to a Cppemjcan worid ' 
yiew or with the change from Newtonian to Einsteinian^ 

, physics, the process oudined by Kuhn can nevertheless 
offer'-a useful way of identifying faculty developn^ent's 

, place ih higher education. ^ . ^ 
. According to Kuhni ohce Scientific* communities Have 
reached^ certain level of maturity they begin to operate 



on the basis pf **some implicit body of intertwined 
theoretical and methodological belief** that he calls a 
paradigm. This ^et of assumptions and beliefs^ about the 
"way the world— or a part of it — functions identifies for 
the scientific community the nature and limitation of its 
research. **The success of a paradigm,** Kuhn writes, 
** — whether Aristotle*s analysis of motion,. Ptol€my*s 
computations of planetary position, Lavorsier*s applica- 
tion of the balance, or MaxNyelPs mathematitation of the 
electromagnetic field — is at the start largely a promise of 
success discoverable in selected and still incomplete 
examples. Normal ^sqience consists in the actualization of 
that promise, an actualization achieved 6y extg;iding the 
knowledge of those facts th^ the^paradigm displays as 
p^irticularly revealing, by -increasing the extent of the 
match between thoSe facts and the paradigm*s predic- 
tionSv and by further articulation of the paradigm it-* 
self **2 Although a single paradigm can never explain all 
the phenomena with which it may be confronted^, such 
issues are most frequenUy either excluded from the area 
-of proper Tesearch or assumed to be ultimately but not 
cuirendy explainable.* * J> Vjf* » 

' Occasionally, however, the scientist b^mes awar« 
of a significant anomaly, an ynportant fact or event that 
cannot be explained by the current paradigm or that vio- 
lates one of its ftin^an^ental assumptions. If, over time, 
scientific activity fs unable to solve the puzzle of this 
particular phenomenon Wthin the tferms of the ciArent 
paradigm, that paradigm its^f may be called into serious 
question. As Kuhn writes, **Because ft demands large- 
scale paradigm destruction and^major shifts in the prob- * 
lems and techniques of normal science, the emdrgeifce of 
new theories is generally prfe.ceded^by a period of pro- 
nounced professional insecurity. As x)ne might expect, 
^that insecurity is gefi&erated by the persistent failure of the 
"jfuzzles of_nonnal science to come out as they shpuld. 
Failure of existing rule? is the prelude to a search for new 
^ones.**^-Out of this state of crisis, however, a neW • 
paradigm may emerge, one that jnore fully seems to 
explain significant phenomena than did the ^Ider 
paradigm. '^Almost always,**" Kuhn very interestingly 
.suggests, ''th&^men who' achieve ^ese fundamental in- 
venti^s of new paradigm have been either very young 
or very new to the field? whose paradigm they change.*** 



' Thomaj S Kuhn. The Structure of Scientific Revolutions (Chicago. 
UnJv. of.Chicago Press. 1962), p. 16:^ , ' 

' ; Kuhn. pp. 23-v24. 

' Kuhn. pp. 67-68 * ' ' - 

* Kuhn. pp. 89-90. 



After some time, and frequently not without significant 
opposition, the new paradigm becomes accepted as the 
curnent tradition. 

In summary, the proce ss^of scientific revolution pro- 
posed by Kuhjylrraybes^ as consisting of five steps. . 
The commumty begins w^ith (f) a belief in a particular 
paradigm, which Is (2) upset by \ht discovery of novelty 
and subsequent confusion. (3) (iisagreement over solu- 
tions follow until (4) the community Cari begin to 
coalesce around a new candidate which promises to be- 
come (Jya newer and more satisfactory paradigm.* 

Numerous scht)lars have applied Kuhn's speculatioTis 
on the structure of scientific revolutions to a wide range 
of disciplines, perhaps these* ideas may help explaift 
some of the changes that have been taking place ill higher 
education over the past several years. We would Suggest r 
that up until the mid-1960"s the educational community 
shared a common, discipline centered paradigm of the 
ieaching/learniog Enterprise. Primary emphasis was 
placed on expertise within the discipline, generally as 
represented by advanced decrees and publicatic^s. A 
close relationship was seen between active research in- 
terests and effectived teachmg, -advanced undergraduate 
and graduate teaching assignments were the most desira- 
ble. The teacher was viewed as an expert whose primary 
responsibilities were to communicate information and to 
evaluate« '^Faculty development" consisted oY additional 
research possibilities, reduced teaching loads, lower stu- ^ 
dent faculty ratios v sabbaticals aijd leaves of absence. 

This traditional paradigm served, to organize the ac- 
Ijvfces and interests of higher education until the mid- 
lft60's, when a significant anomaly was discovered or at 
least acknowledged, college and university teaching was 
frequently ineffective, at times incompetent. For some 
this realization came about through student unrest, as the . 
Danforth Foundation's Annual Report for 1964 ^5 
suggested. '/Nearly every discussion of student unrest 
points out the relation of that problem to the poor teach- 
ing that is often found on college and u^msity cam- 
^ puses For others the feahzation came^hrough re- 
search evidence on the impact of college on students: as 
one sunjmary of*tl\at ht^rature puts it, V'the quality of 
teaching has relatively little effect uppnj the value out- 
comes of g^niial educatioo . . . so far asj the great mass 
of students is concerned '^'For yet othersj this reahzation 
. came about through an increased aware^iess that higher 
education was primarily s'ervijng the research interests of 
the military indusmal complex, at the^x^qnse of its sup- 
posed clients, its students However this anoiQaly came 

* This five step sequence is taken from a similar sequence suggested 
Jby David A. Holhnger. ' T S Kuhnj^ Theory of Science and Its Impli- 
cations fot History.** ,4mmc(i/i Historical Review , (1973). 374 

• Joseph A'Jielrod. "Teaching Styles in the Humanities, ** William H 
Moms, ed . Effective ColUf^e Teaching (Washington. D C Amencan 
Council on Edacation. 1970), p 39 

► ^ Jerry G Gaff. "Making a Difference* The Im'pacts of Faculty/' 
The Journal of Higher Education. 44 ( 1973). 606 



to light, it precipitated the period of crisis and confusion . 
Kuhn finds characteristic of the failure of a once firmly 
held paradigm. Out of this crisis has come faculty de- 
velopment, a potential candidate for a new paradigm 

In the followinjg section df this chapter we will discuss 
a number of alternate conceptCalizations or faculty $ie- 
,velopment, in some cases these are compl^entary, in 
others conflicting. Yet for all their differences, each of 
(hese theoretical appraches to faculty development shares 
the same set of assumptions , the same paradigm of teach- 
ing and learning. Those assumptions, summarized from 
Jerry Gaffs recent study, are^s follows: 

1. Faculty members are the most important educa- ^ 

tional resource of a college or university. 

2. Teaching is the primary, though by no means the' 

only, professional activity of most^Jaculty , 
members. 

3 Scholarship and research — another major profes- 
' sional activity of many faculty members — need 
not be antithetical to effective teaching. 

4. Teacliing is much neglected by academic tradi- 

tion. 

5. Although there is little'^stematic evidence ajjout 

how good the quality of teaching and, leaning 
'actually are in most institutions, there fs a gen- 
eral feeling, shared by many within and outside 
^academia, that it can be improved. 

6. Improving teaching requires working with ad- 

ministratofs and student3--perhaps even mem- 
Jbers of the larger cornmunity — as well as with 
faculty members. 

7. Just as faculty members receive little preparation 

for their instructidnal roles, administrators have 
.little training for the leadership, policy formula- 
tion administrative and managerial roles of 
their work- Department chairpeople^ deans, 
vice presidents, and presidents — no less tnaii^ 
faculty members — need to 'develop and, furth- 
ermore, they,need to encourage and support the 
growth of the individuals in theircharge. 

8. Teaching is a complex set of attitudes, knowl- 

edge, skills, motivations and values. Tfie im-. 
' provement of teaching and leaCQing requires an 
^ awareness of the complexities involved in fac- 
ulty, students and institutions and jfience the 
avoidance of simplistic solutiorts. / 
9 Effective teaching involves helpipg sttwents to at-\ 
tain desired learning objectives. \ 
^ 10. Thlli^is no single model of effective teaching or 
learning. ^ ^ * 

11. There is great diversity amojag students. Their 

varibus learning styles, which are based on dif- 
ferences in ability, interest, educational 
background; future aspirations and personality 
orientations, call for different kinds of learning' 
experiencei^. 

12. ' Faculty, members, too, are a. diverse lot. 



13. An indivdiual's professional work is intimately, 

connected Avith his personal jife. 
14: Intrinsic interest rather th^r> extrinsic dgpjand^is 

what leads individuals to seek improvement. 

15. The willing involvement of faculty members and 

others in the various programs typically is seen 
as a necessity if enduring improvement is to be 
obtained. 

16. Every institution contains many- persons with ex- 

pertise and experience iwhich may be incluided 
in instructional-improvement programs . 

17. ' Teaching and learning are individual but not soli- 

tary activities; they occur within a social con- 
text. The climate of the itistitution, the relation- 
ships between faculty, administrators, and stu- 
dents, and thC^olicies and practices of the 
school affec,t th^, character of teaching and 
. learning.^ .. . 

These assumptions underlie and ^cture the faculty de- 
velopment paradigm. It isj/nportant to point out, howev- 
er, that in Kuan's terms a significant paradien^shift has 
not yet taken frface in higher education geneSlp facurty 
development* is at best -^nly a candidate for a new 
paradigm. Many still cling td the traditional pai^digm, 
many hope that the events of the past several yearsjyere- 
only a minor eruption in the otherwise trauquil flSw of . 
academic life. Whether or not the paradigm offered by 
faculty development will become the new tradition is 
largely up to all of us.* • 

Three Models for Faculty Development 

' Although the assumptions contained in -the paradigm 
identified above will be shared to some extent by all of us 
concerned with faculty development, there are perhaps 
as many approaches to faculty development as there are 
individual programs. Three general medals, however, 
can be identified; hppeful|y ^aspects of one or more of 
these can* help all of us clarify our thinking about the 
nature of ihe enterprise in which we are ehg£^ed - 

Ev^n though, as we shall see, each of the models' 
discussed below has certain areas of disagreement, all' 
thre^afe nevertheless b^se^ onjGoodwiij^Watson's belief 
that change can be seen as taking place,- in the areas„of . 
sttuctiire — organization, use of space, authority — 

^process* — human interaction, communication — and 
Mttitude — -.values, assumptions, philosophies.* Although 
Watson, as a social psychologist, insists fairly heavily «h 

She modification of structure as the genesis of significant 
change — ch ang ed structures cause changed processes 

, which \it turn cause changed attitudes — the three models 
of faculty development discussed dblow all suggest that a 

« * 

, ^P^cn7 G~Gaff, Toward Faculty Renewal (San-^randisco Jossey- 
^ass. 1975), pp. 5^7 ^ ' ^ \ 

• CToodwin Watson amf David^ohnson. Social Psy^i^olog^. issues 
and /nstghts (Philadelphia. Lippmcott, 19^2), pp 196^2^4 



program may theoretically begin at any of these three 
levels. Emphasis on a particular level wrtl be determined 
more by. timing, the needs of the prograip and the needs ' 
of the institution than by Watson's assumption about the 
sequence of change. 

The first model of faculty develop|[ient was presented 
by the authors in a 1975 article in The Journal of Higher 
Education^ this model' sees faculty development as 
composed of the related activities of personal develop- 
ment (attitude), instructional development (process) and 
organization development (structure). In our original ar- 
ticle we stressed our belief, which^we continue to main- 
tain, that instructional development is ♦he most logical 
entry point for most emerging faculty development pro- 
grams and that, while personal and organizational de- 
velopm^nt are necessary. elements of a comprehensive 
progrart, they are nevertheless usually secondary. It is 
important to emphasize, however, that a comprehensive" 
program of faculty development wilU'be able to operate at 
all three levels of attitude, "structure and process. ♦ 

A second and related rtiodel of faculty development 
has been presented by Jerry Gaff in his recent study of , 
the entire ^eld. Gaff identifies three alternate concep- 
tions of instructional improvement: faculty development 
(attitude)— apparently for him **t^aculty Renewal" as 
used in the title of his boqk is the mor/broadly encom- 
passing term — instructional development (pftx^ss) and 
organizational development (structure). Althpugh the lat- 
ter approach is the'same in the two models, a gbtflCfe at 
the accompanying diagrams* will indicate ^hi^Riere is ^ 
considerable difference in the first two categories, /or 
Gaffs concept of **faculty development'' contains ele- 
ments of both what we define as personal and instruc- 
tional develqpmeri^, while his idea of * Instructional de- 
velopment"focuses much more closely on course and 
curriculum design. A perhaps more important difference ^ \ 
between the two models is that while the first suggests 
that^all three elements ^should be present in a mature 
faculty development program, the second seem? to imply 
that any one of the three alternatives, may be im- 
plemented without necessary reference to the other two. 
Hopefully when examined together these two mtxlels , 
will do mofre to clarify than obfuscate efforts in this area. 

A third model of faculty development has be^n more 
recently-developed, , which* extends some of the ideas' 
contained in the first two. ^ile maintaining a concern 
with attitude, structure and process, this model broadens 
the definition of such terms as instructional and organiza- 
tional development, adds the concept of community de- 
velopment, a concern with the entir-e environment of an * ^ 
institution, to the vocabulary of faculty development anff*^ 
extends the area of faculty development to issues beyond 
the level of ii^dividual institutions. Perhaps the most 
serious weakness of the first two models is that instruc- 
tional development is limited to the proc^fs level and that 
organizational developiHtnt Is limited to the structural 
level. This third model indicates, ho/yeverf how an in- 
tervention like instructionaK development can have im- 



,pact at not otily the level of process but at the level of 
, ^structure and attitude as^well. Finally, the third model 
clarifies the focus of various kjnds of efforts in this area 
by suggesting alternate approaches to the individual, the 
• group, the institution and the ni^ta-institutional. 

C« Faculty Development in an' Institutional 
Context 

Each of the three models discussed in the previous 
paragraphs attempts to isolate and define particular fac- 
^ ulty development activities in a way that hopefully 
helps clarify their particular orientations and assump-* 
tions. Yet as anyone who has actually worked m faculty 
development knows, no particular activity retains in 
practice the precision of theoretical definition. Hence it 
may be better to visualize faculty development as a set of 
overiapping and concentric circles as presented in Figure 
One. Instructional development, for instance, can be 
considered a subset of professional development which, 
in turn, is partially, though not exclusively, an aspect of 
faculty development. Organizational and community de- 
. velopment can be considered overlapping, yet distinc- 
tive, components of a faculty development program, yet 
botK areas of activity also exist independently of faculty 
development. Organizational developmqit can be distin- 
guished from community development in that its ultimate 
aim is increase inj)roductivity through improvement m 
' the working conditions and climate of the institution. 
Thus, the focu& is on the product and the way in which 
people work together in the accomplishi^nt of institu- 
tional goals. By contrast, the focus in a community de- 
velopment program is on the individuals in the institu- 
tion; how, if at all, are their personal needs being served 



in the context of the institution (community) to which 
they belong? Organizational and community develop- 
ment, on the other hand, do overiap in that both focus on 
the institutional setting — the way in which it ope]rat6s 
and the way in which people relate, to it. 

By contrast, personal development focuses on the 
growth and development of the individual, with only 
secondary reference to the institutional setting or respon- 
sibilities of the individual. Personal and or]|anizational 
development are interrelated, however, since both place 
an emphasis on interpersonal processes and the creation 
of supportive, settings that are conducive to the develop- 
ment and expression of professional competencies. Per- 
sonal and community development are mterrelated in 
^ } ttitiT concern for the welfare of the individual. 

Since faculty development is a rapidjy expanding* 
field, this somewhat broader model is offered as only a 
tentative and temporary structure to describe the current 
and possible emphases in faculty development pro- 
gramming. Faculty deletopment is more than merely a 
response to crisis and retrenchment, for it fundamentally 
offers a new and considerably more complex paradigm 
of higher education than that held in the past. This new 
model, in. spite of its tentativeness, hopefully reflects 
both the* order and complexity of this new vision! Ik 
. many 6f the following chaptersof this handbook, we wilP 
attempt to fill out several important aspects of the new 
/para<ligm through discussions of personal, instructional 
and organizational development and some speculations 
concerning the possible implications for faculty devel- 
opment of a new area, community development. Perhaps 
these efforts can play some part in continuing to establish 
faculty development as the new and dominant paradigm 
for contemporary higher education/ 




Model Number One** 
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PROCESS 



STRUCTURE 





Personal Developmeot 
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Instnetiooai development 


Organisational development 
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Individual 

' Faculty ^ r-' 


- Individual faculty 
Indtvidual^eourses 
Curricula 


Academic and administrative 
programs^ departments 

UDU ttlVUtuiM 


Purpose 


Clarify values, attitudes * ^ 

ihd philosophies 
Improve intrapersooal and 

interpersonal fyoctiooing 


* 

Improve instructional 
effectiveness ^ ^ ^ 


Improve c^ganizational 
effectiveness 


5 

> 
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Life planning 
^Faculty interviews 
Interpersonal skills train- 
inc 

Personal growth workshops 
Supportive and therapeutic 
counseling 


Classroom observation 

and diagnosis 
Microteaching / 
InstructioQal evaluation 
Instructional methodology 

and technology 
Course design ' 
Curriculum development 


Team«building 
^ CodfUct-management 
Dedsioo*making 
^ Management training 
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^ Model Number Two* 



ATTITUDE 



PROCESS 



STRUCTURE 





^ ~ 

Faculty Develc^ent 


Instructional Development 


Organizational Development ^ 


Focus ' 


Faculty ^ ^ 


Individual courses 
' Curricula 


Organizations 

♦ 




Promote faculty growth 
Help faculty acquire needed 

knowledge, skills, 

sen^tivities and 

techniques , \ 


Improve student 
learning 


Create an environment 
which promotes effective 
teaching 


AcUviUes. 


Sen^inars 

Workshops 

Evaluations 


New learning materials 
Redesign courses and/or 

curricula k 
Workshops on settuig 

objectives 
'Evaluating students 


Workshops for group leaders 
^ or team members * 
Action research 
Revise or^mizational 
policies 

« • 



' Source: Jerry G Gaff. Toward FacuHy Renewal (San Francisco. Josscy-Bass, 1975), p. 9. 
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Model Number T(iree* 





--STRUerURE- 


PROCESS 


ATTITUDE 


1 


-. — J — 

Instrrictional Development 
Consultation and training 
on coarse design, 
curriculum reform and 
educational technology 

Organnational Development 
Evaloatidn of faculty 
« Faculty reward system 


Instructional Development 
Classroom observation, 

diagnosis and training 
Training in interpersonal 

and small group skills 
Training in out of class 

skills associated with ^ 

faculty .roles 


Instructtonal Developmwt 
Pnmotion of alternate 
instructional methods 
Discussions about teach- 
• ing 

' Values Clarificatioa 

Personal Development ^ 
Life and career planning 
Counseling 


! 


Instrubtiofuil Development 

viUTllpiUar mSmA vOUioV 

design consultation 
Interdisciplinary and 
team tfach^"g 

Organizational Development 
Departmental reorganiza* 
tioo 

Use of space and time 


Instructional Development 

centered instructional 
training programs 
Peer observation and 
feedback 

Organisational Development 
Group process observation 


Instrtictiondl Development 
Knowledffe utilliation 
Departmental/divisional 
retr^Sats 

OrgameaHqnal Development 

Team^hqjld^k 

Support groups AT"*^ 


♦J 
a 

8 
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Community Development 
C(Hnmunication and support 
networiu 

Institutional Development 
Research and development 
center 

Faculty Development 
Program governance 


Community Development 
Intergroup negotiation 

Institutional Development 
Implementing development 
programs 

Faculty Development 
Program planning and 
implen;^tation 

. . 7 


Communi<i/l}eve{o^y7i€nt 
' Community building 

Institiitumol Development* 
Developmait of support 
for change 

FacultipDevelopment 
Generating program 
support 




Meta-Development 
Funding 

Establishment of formal 
networks and consortia 

' / 


Meta-Development 
/ Define and clarify new 
change oriented 
professions ^ • T . 
Continuing educatioo^r 
. educational change . 
agents 


Meta Development^ ^ 
Publication of books, 
' periodicals, etc. 
Demonstration projects 
Cooperative research 
projects 



* Spurcc. Prepared by William Bcrgquisi for the Association for Innovation m Higher Education in conjunction with a prcsenfttion at'the 1976 
National Conference on Higher Education sponsored by the American Association for Higher Education. , , < 
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CHAPTER THIRTEEN 

r 

A COMMUNITY DEVELOPMENT 
APPROACH TO FACULTY 
DEVELOPMENT 

, During the past decade, the field of community de- 
velopment has emerged as an area rich in new insights 
about change and action in complex social settings. As 
social institutions which act in many ways like small 
towns or municipalities, American colleges and univer- 
sities can benefit by an examination of the learnings from 
this new field. Though community development i$ rid- 
den with 'conflicting philosophies, goals and images con- 
cerning the ideal society — as are other fidds of social 
and bfehavioral science — it is a field which has prcxluced' 
,a number of 'provocative approaches to social change. 

Central to the field of community developinent is the 
distinction between lower-order (or first-order) and* 
higher-order (or second-order) change. Lower-order 
change can be defined as a!f:ction which alters social' 
outcomes but does not alter the way in which these out- 
comes are derived. A lower-oi^der change might, for in- 
stan<^e, influence the policy of a social system but will 
change neither the way that decision. was made nor* the 
way related decisions will be made in the future. A 
•higher-order change, oif the other hand» influences not 
only^social outcomes but also the actual social process as 



well. 



The concept of higher-order change is emphasized by 
Michael Lauderdale and James Peterson \n£ommunity 
Development. Majpr community changes, according to 
thi authors^ bring about new modes of thinking, behav- 
ing and interacting. These changes' * *alter die total frame 
of reference and produce revolutionary Gestaks, which 
in turn modify interrelationships among afl elemahts."* 
In 'Thomas Kuhn'i^ terms (see Chapter One), fcft|6r" 
community cfi^ges involve the destiuqtion of txfmtig 
social^p^adigms and the creation of new ones. 

L^OdCTdale and Peterson present an excellent example 
of higher-order change when they descrifie the effects of 
technological- breakthroughs in transportation on our 
concepts of space and time: v 

We do not become more efficient in traveling by horse 
but rather we change tht^ode of travel, first through 



/Michael Lauderdale and James Petersor), Community Development 
- (Washington. D.C , Education. Training and Research Sciences Corp . 
^^71). p. 2. • ^ 



^ medianized means on the ground and then throiigh.^e 
air. Thi&'change of mode then redefines the psycholog- 
ical'concepls of time and distance. ... 

In the villages of the 1800's a man's neighbors were 
ifsually little beyoijd his vision or the sound ofe his 
voice. Community was 'a spatial, concept clearly de- 
fined by the boundaries of the village and reaffirmed 
every day by persoa-to-person contacts. Concepts of 
larger community, such as the city or tlje na'flbn state, 
were still quite new and fragile in the nineteenth cen- 
tury, yet were rapidly being' reinforced by the 
technologies of the railroad and the telegraph.* 

Higher-order change is u^^ly very difficult to bring 
about, whether one js seeking cliange in a community or 
in a college faculty; in many c^s^ successful execution 
of lower-order change n^iy/tfeall that .is redsori^ably pos- 
sibl6^. To clarify, therefore, thf various approache^ that 
may be taken to community — and academic— change, 
Lauderdale and Peterson outline five different ap- 
proaches to social development. The" first three 
these — capital infusion, leadership and group dynamics 
and service coordination — are usually lower-order 
'change efforts; the last two — pressure groups and natural 
groups — offer the potential at least for more profound, 
hignfer-order change. An*examination of each of these 
five approaches will not only provid^a systematic over- 
view of alternate approaches ,to change but will also 
suggested ran^e of activities and options for faculty, de- 
vel^P|ient. 

A. Capital Infusion • 

This is probably the most donfinant mode of communi- 
ty development. It is represented in most foreign aid 
programs, the Peace Corps' and domestic and fweign 
agricultural assistance efforts. Capital infusion programs 

• ^e resource oriented; they **deal with th^jljtgfunctionail 
aspects of a cdmmuiiity's organizational patterns by in- 
puting massive ^mounts of . resources. Since existing 
governments and institutional stActures become the ve- 
hicles for implementation of the program, capital infu-. 
sion can be, carried 'out witjj relatively little resistance 
from sources of power. It is often, however, a disjointed 
and insensitive response to complex social problems. 
The existing structures are reinforced, when in fact they 

^ight be contributors to cjarrent problems. 
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Faculty development programs often operate on this 
mcxiel. Typically, there is an infusion of such new re- 
sources as lime (release time or sabbaticals), jnoney (sal- 
ary increases), transportation (support for travel to a na- 
tional convention), communication (subscriptions to 
major journals or newsletters in a discipline oc^in highet-X 
education) or machinery (purchase of a new compi(ter 
terminal). As with other capital infusion projects, this 
type of program is usually administered through existing 
organizations and campus governance structures and 
hence tends to^einforce their existence. Faculty de- 
velopment efforts of this type are quite common pre- 
cisely because they are subject to minimal resistance by 
theiaculty who receive the resources or by the adminis- 
trators who make the decisions concerning their dis- 
bursement. 

The infusion of major new resources into institutions 
of higher pducation will not be a common occurrence in a 
period of financial retrenchment Yet even though large 
amounts of money are not generally available, funds for 
> certain pnonty areas — like faculty development — may 
be. In designing a program based on the addition of^ 
significant new resources to an institution, it is worth- 
while to keep in mind the strengths and limitations of 
capital infusion. Faculty have^ legitimate and pressing 
need for the resources required to remain current in their 
disciplines, to conduct research, to obtain subscriptions 
to professional journals and to attend professional meet- 
ings; it is cmcial that these resources be made available, 
either through institutional budgets or external funding. 
*Yet it must be emphasized that capital infusion primarily 
reinfprces existing structures and attitudes; to the extent 
that faculty development is an effort to*alter patterns of 
operation and behavior capital infusion, will be unproduc- 
i'lyt. Greater command of and commitment to a disci- 
pline can result from increased resources for research and 
•professional travel; changed attitudes toward interdisci- 
plinary studies, toward colleagues and toward the pro- 
cess of teaching and learning is not likely to result. While 
protecting and supporting traditional faculty needs, fac- • 
ulty, development must look elsewhere for more signifi|» 
cant change strate^es. 

B. Leadership-Group Dynamics 

This approach to change, which frequently emerges in 
responsf to disillusionrpent concerning capital infusion- 

^ models, focuses on improving the quality of leadershj^ 
and of small group functij)ning in the community. 
Lcadershi|T-group dynamics is used widely by* social 
workers and psychologists as well as by church and.civic 
'groups. It makes use of ii)sfghts and expertise concerning 
human relations training developed in the last tweljty or 
thirty years, largely in industnai settings. Faculty^- 

^^^lopment practitioners have also made extensive uit of 
this approach, «!^ndacting leadership training workshops 

^ and cortferences oh small ^roup dynamics for both fac- 

' ulty and administrators. * 



An emphasis on^change based in leadership and group 
dynamics faces two major problems. First of all, many 
people resist this type of training, labeling it ^'sensitivity 
,U-aining*' or **touchy-feely." Although thiols frequently 
the response of ignorance, som? resistance may be jus- 
tified, for the human relations movement has often 
lacked precision concerning training goals; the experi- 
ence Itself, and not theiearnings generated by the expen- 
ence, at times seem to be the major objective. Second, 
leadership and small group^training experiences are 
primarily focused on individuals, not on their social sys- 
tems. Unless all influential members of a community are 
exposed to this training within a short period of time, and 
unless all major structures and procedures of the com- 
munity are operated in accordance with the procedures 
and styles being prohioted in the training program,, the 
partKfipants will return to an alien community which is 
supportive of significant change in behavior 
On the other hand, it is essential to recognize that this 
approach can be an important element in a change effort, 
for a fuller understanding of leadership skills and an 
increased sensitivity , to the dynamics of small groups 
cannot only improve the current functioning of existing 
structures*but can also ov«er time change the very process 
by which those groups operate; manipulation and power 
plays can give way to consensus. Although an emphasis 
on leadership and group dynamics has not proven to be 
the panacea some had expected, it r,emains for many 
.social systems ^ viable approach to change, 

C. Service Coordination 



Efforts at» community development based on this ap- 
proach involve ''an ujlentification of community needs, 
process and programm^tidljefforts to resolve these needs 
through utilizing existmg resources and the development 
of supplemental r«sources.''^ Typical of this approach to 
-community.development are community councils, united 
funds and social welfare coordination, while in recent 
years the role of "ombudsman'* has gained increased 
credence in a service coordination, function. The om- 
budsman assists a member of thexonMHunity in working 
through existing structures and procedures to address 
grievances or obtain services. 

In college communities, the service-coordinati^on func- 
tion has 'been provided for students ^through student un- 
ions, Student counseling services and the office of D^an 
.of Students. Even the role of student **Qmbudsman/' was 
. given serious consideration by some colleges and ' 
universities — and adopted by a few — during Uhe late 
1960*s and early 1970's. On mo* campuses, however, 
there is no comparable service ror either faculty or ad- 
nfiinistrators. Cejtainly this is one of the new directions in 
which faculty (and administrative) development might 
wish to proceed. A faculty develoj^ment program might, 
for instance, provide faculty with information about 
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mental health,' financial counseling, diy carfe or recrea- 
tion services,, since eqch of these can.be shown to have 
an impact on the perfomlance of faculty in their profes- 
sional lives. A faculty development might also provide' 
faculty with valuable research assistance. One California 
college, for instance, is now exploring a consultation 
project in which several rfiembers of the computer 
service staff, who are also trained m statistics and re-- 
search design, work closely with faculty froVn the begin- 
ning of their research, so <hat at the. point when pro- 
granuning and computational services are needed, the 
^ data will be fully compatible with the available computer 
programs. The faculty development^ director- on this 
campus will coordinate these research-consultation 
services.* " v 

Service-poordination Kelps make currend| available 
resources- more accessible and useful and K^ce tends to 
establish the credibility of a program which provides this 
coordination. At a relatively low cost, a faculty de- , 
velopment practitioner can incorporate this type of 
coordination into his program. The practitioner in either 
community or faculty development, however, should 

^ recognize that this model, like most capital infusion ef- 
forts, involves only first-order change; the existing struc- 
ture is helped to function more effectively. The two re-| 

. maining community development models, however, 
both speak to at least the possibility of structur^ change, 
the first by bringing abodt profound change in. current 
formal structures, the other by creating or reinforcing the' 
emergence of an alternate, naturally-based structure. 



D. Pressure-Group Model 

Qosely associated with the work of lab^r unions, cijjil 
rights groups and other protest groups, this approach has 
been described by Uudcrdale and Peterson as the "or- 
ganization of individuals into a coh^esive, action-oriented 
^oup'' with a focus primarily qp ''changmg organiza- 
tional characteristics of the community that have made 
the solution of human needs impossible."* The work of 
both Saul Ali'nsky and Ralph Nader, in quite different 
ways, illustrate the use of this approach in the achieve- 
ment of significant community change. 

The pressure group model may incorporate a variety of 
approaches to social change, including boycotts, ^emon 
stratiojs, political bide voting, civil-cjisobedience, inves 
tigatory reporting ml dissemination of privileged fnfor 
mation. Lauderdale and Peterson identify seven basi' 
assumptions that are central to^this model:' 

(1) local people want to solve their problems^ 

(2) local .organizations can be utilized to carry 'out 

action plan$; ^ * ' ^ ' 

(3) planning for action eiKiBftiipasses all n/seds of the 

community; ^ 
. (4) democratjc societies respotid t 

^ ; 

^ Lauderdale and Peterson, p. 16. 
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(5) development of iffcigenous leadership is an effec- 
^ * tive form^f change; 

(6) local, people desire to be self-directing and 

(7) action plans cai^ be self-supporting once they are 

initiated.^ j - 

y^iinadition to the localization of effort which Lauder- 
dale and Peterson emphasize, several other themes tend 
to dominate this approach. First, although the pressure- 
grcJup model emphasizes the destructive quality of cur- 
rent social structures and policies, it requires of the effec- » 
tive practitioner an extensive knowledge of this very 
structure— both of its weaknesses and its strengths. An 
effective organizer of pressure groups will use those re- 
sources of the current social system which ha|^ been^ « 
designed to prevent change from within the system as a* 
vehicle for blocking effective response to change that has 
been generated from outside the system by the pressure 
group. In.a college or university, for instance^^the very 
fact that a new policj* or action will tak^ two to three 
years to^ass through the complex committee structure of \ 
the5%Rstitution.can be used to advantage by a change 
agent, "^or this sante encumbering structjire may prevent 
one's advers»4es^ from effectively blocldng a program 
that has*bee;n started dutside the formal structure. 

Second, this approach requires the composition and 
maimenance of a support group whjch can sustain ac-* 
tivitieS through periods of personal doubt, failure and 
even'pmnshment. Charismatic leadership in this support 
group may not be essential, though certaii^can be 
helpful. The support grpup certainly needs Jtsl^ safe, 
isolated setting, where the ideologies and aspirations of 
the group c^ be reviewed and reinforced. » ^ ^ 
Third, -the effective pressure group requires a diversity/ 
of roles and functions. There is a ne6d for both the 
dfeamer'who lias constructed an alternate future, and the 
revolution^ who is effectWe in bringing about the over- , 
throw of the current system^ ^ ; 

The frequently coitfrontational tactics employed 'by 
pressure gro'ups in community, development are not 
necessarily antithetical to the more collegikl ncmns (pr 
ideals) of higher. education. Physical confrontation, of 
course, is not likely to be productive but the intellectual 
confrontation of a well prepared pressure gr^p caif be 
effective. Like the^9hange teams described '^^enemng 
tiigher Education from Within,'^ a committed grouj} of ^ 
individuals can have significant impact on*the sttucture 
^of academic institutions. A faculty union need not be the 
nly — or best — way of exerting pressure for change; 
ther'fefforts, working at least tacitly within institutional^ 
horms, can have significant^and lasting success arid may j 
form^an important j^arf of a faculty development effort> 

E.vNatural-Group Model 

This approach to community development 'seeks to. 



* LSudcrd^le and Petersoh.. 

^ Walter Sikes. Lawrence 3chlcsinger andCharles Seashore. Renew # 
ing Higher Education from Within (San Francisco" Jossey-Bass. 1974). 
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focus upon the organizational patterns of communities * 
and nations which inhibit human need resolvement 
through broadening decisionmaking roles.'"* Natural re- 
lationships which exist among people with unresolved 
needs are systematically blended to form a functional, 
!action-ori edited organization. This relatively new ap- 
proach to community developnient usuallVis based on a 
systematic assessment of a community's needs, the iden- 
tification of natural helping networks and relationships in 
the community and the establishment of efforts to work 
with the networks to increase the^r capacity' to meet these 
n€eds. • , ' 

Several community developrrfent agencies in the Un- 
ited States, like Jim Kent's Foundation for Urban and 
Neighborhood Development in Denver, Colorado, have 
woFked with communities in the identification and de- 
velopment of their own internal resources. In the area of 
heajth care, , for instance, developers have "^iiensively 
interviewed members of the community to determine 
their needs and the mformal ways they go about njeeting 
, them by asking such questions as ** Who do you talk to if 
your baby is sick?" and **Who d^ you go to when you 
are feehng sick?.*' The community developer will then 
work with the ^^i^uiraf helpers" thus identified to im- 
prove their serviceyrather than set up an altemate and 
* competing health care delivery system. 

A . (acuity developjjient practitioner can make effective 
use of both an assessment of community needs in her. 
ujstitijtion and an assessment of the^ natural helping net- 
work among faculty. Community needs can be identified 
in, a vanetv of ways, through in-depth interviev/s of fac- 
ulty and other members of the institution, through ques- 
tionnaires, thVaugh psychometric devices and through 
sessions which bring together ^ small groftp of individu- 
als to^sess and' discuss systematically vanous aspects of 
ins«<utional life. Similarly, the natural helping network 
of I college or university can be assessed through the use 
of in-depth interviews, questionnaires, observations and 
small group discussiom. This procedure can^be ex- 
. tremely valuable not qnly as a source of information for 
the faculty development program about potential sources 
of assistance but also as a vehicle for establishing the 
orogram among those people who have been contacted. 
^ Jhe information which is collected about the natural 
, helping network can be used in several ways First, if no 

" Lauderdale and Peterson, p i 



informal network is found to exist at the institution, that 
is, if faculty indicate that they do not,cons.i«tently go to 
any other person for help in solving a specific type Of 
problem, then the faculty development practitioner has 
access to valuable information conceming X)ne or more 
vitaJ needs of the campus. Second, if the^interviews, 
questionnaire, observations and/or small group discus-, 
^ions do reveal a helping, network; then this information 
can be used to assist the institulip^in deciding where to 
distribute most ^effectively variousNi^sources such as 
money, time and materials (thus blending the capital in- / 
fusion and natural helping ^roup models of community 
development). Finally, a faculty development program 
can become a source of information to faculty about 
those people on campus who might be of help in solving 
a specific problem.^ 

F. Conclusion 

In this survey bf several models of commtwi^ de- 
velbpment, we have touched lightly on a few g{ th'e^many 
ways in which this new field might be'applied to faculty 
development. The problem's and promises associated 
with work in a collegiate institution might bo^more effec- 
tively addressed by the faculty development practitiqner 
if he has examined a wide variety of strategies and 
. techniques for change in complex social systems. The 
themes and models just deicribed should provide not 
only several specific suggestions conceming faculty de- 
velopment, but also a conceptual context within which 
'programs might creatively generate new approaches to 
social change and professional growth. / * ^ 



' A prograJ#)ased on internal linkages such as these may extend that 
strategy by prOTiding faculty with information on resources outside ihe^ 
institution througji linkages to NEXUS (the national cleannghouscon 
mforcnation about human resources in higfieV cducauon. 800/424- 
9775). ERIC (Educational Resources Informauon Clearinghouses 
fldtionai network on mformauon about pnnted resources in h^her edu- 
cation)/ the Yellow Pages pn Innovation in Undergraduate fWucaUon 
(change Magazine), the CASC ConsoTling Network (clearinghouse for 
information on human resources in the small, liberal ans ^llege: 
CASC. Washington, D.C ) and Resources for Planned Oiange 
(cleannghouse for informauon on human resources in sute colleges 
and universiues. Association of Sute Colleges and Umversiues, Wash- 
ington, D C ) Many of these cleannghpuses were esublished to pro- 
vide, on a national level, the^typc o^nkage services that are being 
described here for the individual campu?. Such a linkage servic^can 
effectively combine the natural group and service-c^di nation models 
of convnunity development 
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THE RiSf AND FALL OF PSI IN 
PHYSICS AT MIT« 

Charfes f. Friedmall^ Stanley HlrscW^ Ma2>lni Ptrlett^ Edwin 
F. Taylor*, Massachusetts Institute of Technology, Cambridge, 
J, Massachusetts 02139 ^ ^ ^ 

Abstract ' . ' ^ 

SmalKscale trials of the Personalized System of In- 
. struction (I^Si) in Physics at MIT under the sponsorship 
of the Education Research Center were fallowed by 
adoption of large-scale introductory PSI courses in the 
Department of Physics. After four semesters, all intro- 
ductory physics PSI courses were suspended. This stody 
. ftivestigates what happened.^ We point out organizational 
difficulties in going .from small-scale to large^cal^ use 
of the-PSI method. We also identify certain conflicting^ 
{«rcepti(4^ among participants and observers that con- 
tributed to the^ suspension. The study, we hQpe,MS an 
example of an informative *'p<f§t-: mortem** of a type 
much needed in higher education. / 



REASON-FOR THE STUDY 

This paper reports, and SCiilsk) understand, the rapid 
growth and sudden decline of a major innovation in un- 
dergraduate physics instrugtion at the Massachusetts In- 
stitute of TechiTology' (MIT). The Personalized System" 
<jf Instruction* (PSI, sometimes known ^s the Keller Plan 
6r self-paced study) was first tried out at MIT by Ben 
Green of the MIT Education ResearcK^Center in the 
spring of 1969, when the second-semester freshman 
physics course was offered to twejity undergf^duate vol-, 
unteers. Five-years and over 35(X) students later, a PSI 
course-^ii substantially altered form — was given to 65(>.. 



This study was supponed in part by granMlbm ther Nauonal Sci 
'enc^oondation ai)6 the Exxon Educauon Foundatidn 

•"MIT-Oepartmcnt of Physics. Present address* ^)ffice of Medical 
Studies. UnivcrKty of North Carolina, Chapel HiV North Carolina 
27514. \ 

DejwMent of Physics and MIT Expenmdbtal Study Group 

''MIT Division for ai^ Research in EducJ^pn. Present ad 
.'dress. Group for K^^Sth and Innovation in Higher M^cati on, Nuf- 
field Fo undation, j^ongon NWl 4RS, England. 

'MIT Department of Physics and MIT Division for Study and Re 
search in Education. Requests for repnnts should be made to Taylor 
Room 20B-136, MIT. Cambridge, MA 02139 



* J Gilmour Shennan, Ed., Personalized System of Instruction, 41 
Germinal Papers, W. A.^jnjamin, Me;tlo Park, CA, 1974. 



physics students for the fourth time under the auspices qf 
the Physics Department. Immediately following the last 
course the Physics Department decided to, offer no more 
major introductory courses in this Qiode during the fol- 
lowing academic year; the return* to a standard lecture- 
recitation structure was announced. * 

The questions we posed ourselves were **What hap- 
pened?'' and ''Why did it happen?''. What were the 
-combi nedf actors that led to adopting the scheme in the 
first place, its rapid expansion, its evolution over time, 
and its final suspensipil? 

We have t^o audiences in mind. First ^e tho^e al- 
ready acquainted wi#iPSI. Green's 1971 paper *Th)<!sics 
Teachi|ig by the Keller Plan at MIT"^ was one of the 
^most popular and widely reprinted papers ever published 
by the American Journal of Physics, During 1971-1973 
MIT was one of the leading centers for dissemination of 
PSI. Many hundred college teachers visited or wrote to 
the (then) Education Research Center^ for an introduc- 
tion to college teaching in this format. There is thus a 
considerable constituency who Jegitimately might want 
to know why physics teaching by PSI has been discon- 
tinued i^i^ large introductory courses at Mit. 

Secondl^yjt hope the Raper will encourage otl^ers to 
attempt historical appraisal and revi^ja^f educational 
innovations. Educational experience and^^TSdimi is sel- 
dom* codified, distilled, and transmitted: traditional edu- 
cation research — for whatever reasons — is of scant rele- 
vance or use in this respect. If evfen 10 percent of the 
tim^and other resources spent in innovating vyere reallo- 
cated to discovering what went wrong with past 
schemes, it might pay handsome dividends. We seek 
here to document the.evolution of one particular innova- 
tion at a major university, and at the same time to illumi- 
nate conditions and circumstances associated with 
pedagogic exjperiments more generally. We explore Ji 
sjghifjcant single instance but oAe that is representative 
of othersr * • ^ 

♦There IS nothing terribly sophisticated, esoteric, or ex- 
pensive in the way we wen^ about this study. Faced with 



^i^tn A. Green, Ji'., Am. J. Phys 39, 764 (1971). 

*)Set up in 1960 as the Science Teaching Center, the Education 
Research Center (ERC) developed a university physics course to follow 
the PSSC high' school phjsics course and later undertdbt a variety of 
ojher curriculum developments. The Center di^ in- the hummer of 
1973, partly a&>a result <rf the recent general reduction of federal fund* 
ing. A major project during its last three >ears was to act^s a national 
center for the dissemination of the PSI method. The ERC stiff mm 
talks about PSI country-^itfe, ran workshops at MIT and elsewh»2k 
rcspopded to inquirvts about existing PSI courses, and held the fu^t\ 
nauonal conference on PSI (October, 1971). ^ 
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,the qCie^ions we sought to answer, we pursued . 
*comfnon-sense lines of inquiry We talked at length with % 
most of the^ principal actors, the v an ou<^ instructors in 
charge of the PSI courses and those with more general , 

. responsibility for undergraduate teaching in the Physics* 
Departmeni. We fjifeced together, retrospectively, a nar- 
rative of what had happened--a more difficult procedure 
than anticipated because of incomplete records and un- 
certain memories* We read student evaluations S4)licited ^ 
at the time. We discussed sequential drafts of this paper ^ 
with an ever-increasing group of those who had been 

" involved and a late draft with the Physics faculty as a 
vvhole. Obviously there is much else we could have 
done/e.g,, sejit detailed questionnaires to every instruc- 
tor, interviewed and tested PSI students two years later, 
and so forth. But these would have turned our relatively 
mformal study into a major piece of social sc^^ence re 
search We iire brash entmgh to assert that the additional 
insights generated by this more ambitious effort w5uld" 

• not have justified the increased expf»qditurcs of time, 
effort, and money. 

This IS not to say that we did not j^xercise caution and 
care in how we went about the study Interviews were 
coiiducted with two of the authors present and detailed 
•notes compared to insure accuracy In compihng the rec 
of successive events and procedures, we cross- 
checked with oth^r sources. We sampled student evalu- 
ations randomly. The general methodology derives from 
**iltug!inative evaluation/'^ a style of research into edu- 
cational practices and phenomena that emphasises the 
close interaction among "content." "method," and 
-^^contextv" amtmg the intellectual substance of the cur- 

"*Vnculum. the instructional means of deliver), and the 
■"^wider institutional circumstances Students and fi^culty 
respond to all of these factors concurrently, separating 
them to reduce complexity is ofter^rbitrary and artifi 
cial, and divorces the study from edticcitional reality as ^ 
experienced. 



NARRATIVE 

The evolution of PSf in physics at MIT falls intoWee 
. phases: (1 ) the growth phase (centered on the Education 
Research Center): (2) the initial large-scale triaMcaj^ejl 
* out by the Departfffent of Physics), and (3)^sTOseiiuent 
large-scale trials (laT>ting for, three jnore semesters) .In - 
order to- understand this narrative, the readet needs to 
know thaV;the "mainstream" seljuence t)t physias ^ 
courses for an. MIT physics major cQhsiJ^^Nof five one- 
seaiester courses, of which the first three deal with New- 
tonian mecii^nics and electncity^and magneUsm.'HQd the 
last two deal with quantum physics. All MIT fre^^hmen. 

-_L_„, •.. . > ••• 

• Malcolm Parlcit and David Hamilron, i'Aaluam)n as MJuminaiion 
a New Approach to the Study of Innovatory Programs'*. Occasional 
. Paper 9. Centre, for Research m the Mutational ScirnLCs . U niv eh^i^v of ' 
bdmbufgh. 1972 * , 



not just physics .majorsv are required to'talce a year of 
introductory physics Most of them satisfy this require- 
ment by taking the two courses desm be Aider =" large- ^ 
scale trials'' in iteni^land (3) of the namtive below. 
Freshmen are g?aded **pass" or *Tail/* while 'up- 
perclassmen are generally graded A througlTF 

final mu-oductory point, to simplify the account we 
have dispensed with names of all participants except for * 
Ben Green. Robert Hulsizfer and the authors^ of this arti- 
cle TJiis may tend to overemphasize the roles of these' 
players in a producHon that had, in fact, a casf of hun- 
dreds. 

% ^ 

(1 ) The Growth Phase (centered on the 
Education Research Center) 

Newinitiatives in college instruction are often trace- ^ 
able to single individuals — in the case o^'PSl at MIT, to 
Ben A Green. Jr Newly arrived in the fall of 1968 as a 
staff physicist, in the Educatipn Research Center (ERC), 
he was asked "to work out what he was going to do." 
Green, a long time enthusiast of programmed learning _ 
and Skinnenan psychology, had been impressed by Kel- 
ler's original .papw about PSi called **Good-bye, 
Teacher , . .,"* seeing in it a way of applying Skinner's 
principles in a generally acceptable manner. After some 
discussion within th§ ERC, permi^n was sought from 
and grantee! by the Department of Friysics for a seconds- 
semester physics course to be given to" a limited number 
of volunteers usi^g the PSI method. . . 

We will, not describe PSI here, but as first tried by 
Green it' had the customary characteristics.* Students 
worked through a progression of self-study guides at 
jheir own- pace, taking unit tests — if nec^s^sary, * 
. repeatedly — in order to qualify te-move from one unit to 
the next,. Student proctors (or tutors) handled the testing ' 
and Green, as iifstructof, pursued managerial and tutorial 
functions, supervising the^Ms^cUats and dealing with un- 
usual student difficulties. Oc^asibQal lectures had a 
strictly 'ariotivational'* function- Green himself pre-' ^ 
pared the fifteen study guide;^ covering the customary , 
MIT second-term freshman syllabus in physics More, 
than 100 students volunteered; twenty were chosen by an 
informal method fntended |d include students with a^ va- " 
nety of reason^ for takfng'te course.? — ^ = , 
Gi^en'5 first PSI course wjs widely considered to be ar 
liuccess It led, in the foiling four^iiemesters, to a 
-startlrng rate of growthpf P^I courats. Several others on 
the ERC staff (including ^Taj^^ 

and* (acujty.in other departriSlnts atTvlfT joioe^ Green in 
offering a range of PSI cou|-ses, ' which most often were 
given in parallel with regular sections of the same* subject 

\V S Keller. J AppM^havior Anal(. / . 78 (I968),> 
* See. tor example, reference. ^ • 2. ano 5 - 
' Fot example, by the fall of 1971 (in addition lo the lafge-scale^ 
physics trial desvnbed below) there were five, other PSI courses in 
physics, and five other depart m/wffvv^tC-C^ng PSI courses 



taught by the conventional methods In the EducatKJn 
Research Center study guides were (jevelypetLjaed qui\ 
rewritten, tried out Jfgain. an initial enrollment of twentv 
to thiny m each new course was allowed to increase.: 
toward, 100 as confidence in the effectiveness of the 
materials and procedures increased, a number of 
J^pedag(%ical r^anagement" and admimstrative* prob- 

• *Idms were sto^ly ironed oui This growth phaJL^ was 

marked by (a) sfudents'volunteering in l^rge numbers for 
' the PSK courses and asking for more subjects to be of- 
fered in this mode: (b) sJep-by-step adjustment of pnKc- 
dures in the light of expenence; (c) increasing expertise, 
a continuity of key s^aff rliembecs. and^^haring of ac- ^ 
cumulated know-how with newcomers, (dlan expanding 
level of interest, with numerous inquiries from within 
MIT and frgm many other institutions, ^ind (e) a concen- 
tration of PSh activities m tTTe Education Research 
Center The Physics Departnjent approved the offering- 
of each physics PSI course, and several facuHv mcjnbers 
panicipated. but most'of the initiative ^me from ERC 
physicists 

(i). First Large-Scale Trial (ug^er theMIT- 
Department of Physics) 

.With consistently good repons emanating from \hc 
ERC, it IS perhJps not surpnsing thai the Phv^us Dc-- 
panment decided to apply PSI' to -its -own lar.ge course 
■ off e^ng^, especially the two semesterv^ of introduJIrv 
physics /equired of all freshmen Again, the response', 
when it came, was due to individual initiative, that of"' 
Professor Roben 1. Hulsizer a senior Phvsn.s faculn 

• member and former directl^r of the. Edpcati'on Research 
Center Hylsizer had two previous, exp.enences teachins ^ 
in relatively sr^ll PSI classes and' 'was stronsFv eil^*" 
.thusiastic oci acmjnt of .the greater amount of p'ersoridi 
contact PSipYforded between students and teachers, and , 
also beciuse the method ;'accomm(xiated well to both • 
the showest and the fastest students ' Assumirtg resppn--' 
stbility for the large first-semester^ phvsic^ course m the 
fall ©f >97L Hirlsizer sought' and received approval '19 
have It taught' on PSI lines He realized that such a course 
coyld not be organized on the sarpe pattern as the earlier 
ERC-sponsored ^als Ifistead of a srjiall compan> of 
approximately 100. volunteers, it was to be a battalion of 

'approximately 600 students, most of them conscripts tak- 
j^g a required coucse 

• During the summer preceding this new P?>r' course. 
Hulsfzer began 'drafting study guides for twentv -seven " 
unit5 per sem'^ter.^a number he und^rstoixl Vellef to 
ha^ve rec9mmended in a persondl c'onversation >l'hc 
course v^s to have three regular lectures per week, given 
jointly, bys^rju^gr faculty member and by the (thei?^) 
Associate Head oC^ihe* Department '(Regular lectures are 
not part of the standard PSf format, but were mcluded - 
both '^to set a. standard pace*' and to pfov idc a^v erbal"' 
presentation of the material for ear-onented students i 
Asfde from lectures, groups of 40 students wtfre a.^signeO 



to sections each supervised by a faculty memberwith one 
or twap^id graduate teaching assistants and two or three 
undergraduate tutys who received academic. credit for 
panic ipation. The staff of each section was lo be avail- 
able MX hours per week, dunng which time students 
^ \vould come in to ask. que^lt ions and jake unit tests. With 
. ^^27 units in the semestef. students would have' to com- 
pleteawo units per week on the aj^erage to keep abreast 
of material covered in leciijre4S, but they could run^ 
somewhat slower or faster than thij^ pace without senous 
^consequences. In addition to unit tests, final exam- 
^inations were to be offefed at three different tunes. AI-' 
though Hulsizer had had considerable ^earlier cont^ 
with the HRC staff. 'the Depafiment's^specific plans jfcr 
tht idrge-scaletnal were developed independently of/the 

The seventeen facuTfysectien leaders were /hose 
routinelv assigned to the intfcKiuctory Cyourse and were 
^ notxVoPunt^ers falthough one or t^vo asked for reassign- 
ment whenWv learned that the-PSf method was going to 
- ^ DC used). Th«e section Jeaders \^'ere introduced to the 
' new -teacfiiol ji\ethod at two initial staff meerings. arid 
during the texroAtaff meetings were heW^to discuss the 
method and the progress in<he course 

Dcfpite the extensive planning, the initial operatiojn oC 
the nexv course .was descnbed b\ mor^ than one observer 
as ^'chaotK: '* There were initial problems in getting 
multiple copies .oT study guides and unit tests into the 
handyf students and \ection leaders, two unit tests^per 
weekfp^v student^rovel^o b'^ more* than the staff couid 
handle, s'tu^ients had to wait in lines to ask questions anrf 
have their tests grad'ed. and grew restive, the .recruitment 
of undergraduate tutors was d^yed and. when ap- 
pointed: iutors oft^H could not come for, all six of^s^e 
' meeting hours fif ihe«= section — aTid so would appear for ' 
an hour or t\yo only to disapppear again, faculty instruct 
tors found -til emselves shouldenng a large partl>f (he 
test-gra^HT|i>urden and were free neither to superv'jse the ' 
, operation of ihe^ystsm'nor to talk in a: leisurely^ maVmer 
with student:rwhb had special qDestions. / 
Inmal difticultfgs often accompany mbjpr changes m 
pedagogic format, and emergency steps are sometimes 
called for as^they were.' here. After three w^eks. the 
number of remainmg units was cut to one per week-as the 
average rate: flow of study guides and unit tests 'be- - 
came more dependable, and more y.adergraduate tutors 
were recruited With these changes- the course settled' 
into, a more*pfacid state.^ though sii]l characterized by 
so^e complaints. For mstance.-the unit teste were much 
easier than the assigned exefcises so that studeojs soon 
^topped working the exercises, even though they were' 
repeatedly encouraged to do Ihem^ Students also t<maed ^ 
to. put. off the 'physics work, since classes in other sub- 
jects stiH employed regalar quizzes^ problem assign- 
.menis. and other-deadlines, 

, To? counter this '^procrasunation.*" fhe orga*razers es- 
ta^blished several target dea^ilines and urged students to 
fmish Lerjdin units by these dates But this created fresh 



problems: students came in firgc numbers jpst before 
these deadlines, swampmg (he attention of staff and giv^- , 
ing students the impression that the staff couftl not give 
them- adequate lndivldua^attenuon. Dunng the time be- 
tween deadlines the section staff now h^ little to do , 
Instructors thus got a double mpre^sion. that they were 
under-unhzed as teachers (dyring th^&Taei^ penods and 
overworked as test-graders during the busy periods. 

As the end of the. term approached, it became apparent 
that a significant fracuon o{ the students were not going . 
to complete the course "on time " The organizers, had 
allowed for this by j51anning thr^e similar final' 
examinations, the first three weeks Before the end of the ' 
'terrsk the second at the end»of the term, and the third six 
weeks after the end of the term at the conclusion of the 
MIT January Independent Activities Penod Students 
coulU take one of wore finals" bntil the> passed one of 
them In order to be dbJ^ to compare, student performance . 
in the PSfcoufse with that of smdents m earlier lecture- 
recitation version^, final examinations were'designed to 
be similar to rtnal examinations given la previous years 
The level of mastery required by tWs test was higher than 
that of the unit tests and was more nearly equal to that of 
'^the problem sets, which students^ad stopped doihg eaf^ly ' 
m the term.' .As a result. 27 percent^^of the students had 
not completed the Examination satisfactonly by the end 
of the term and) 15 percent had stiH not completed tha 
course six weeks later. Hulsizer went to considerable 
, lengths to' assist th^^ studei^/even to the extent of 
' organizing a fourth final exart^ation six weeks into the 
aecpnd term (This resultecl in some perplexity and even 
resentraentln other departments, they did not like to have 
some of tl\eir students still working on first-semester 
physics so far into the second term.) ^ > * 

, Despite these difficuTties'. 'there is considarable evi- 
dence (presented below ) that students in the /irst large- 
. scale trial, of PSl learned an acceptable anjount of 
physics, and that the majohtv was not unhappv with, the 
PSU^ethod. But iMs clear that the method obtained a ' 
bad name in several important'constituerfcies.^The narra- 
- tive below traces the gradual improv ement m the opera- 
tion of, three later large-scale tnals (one per semester), 
yet the consciousness of the* MIT." academic public" 
nevef caught up with later improvements, and the aware- 
n^^ of the initial difficulties dominated tHe general repu. 
tation of PSl in.ph^sics thereafter 
, ' \ 

(3) Subseqtient Large-Scale Trials ^ - 

After the first large-scale tr^aL^the PSl method was 
used vrtth vanous modifications for three more semesters 
by the Department of 'Physics before discontinuance. The 
secopd semester of ^introductory physics was tiught for 

. two years running by twoj<jffhg faculty members acting* 
as coordinators and the, (then) Chairman ofthe E>ep^- 

^ ment as lecturer. No department official Suggested that 
they try the PSl method, but late in their preparauon for 
^the course they decided "to give PSl andlher tnal. " This 



decision was based not on any personal commitment to 
PSl but rather 'on *the conviction that they could run a 
saUsfactory-PSl course by leamfng from the experien<?e 
of the preceding seme^ster While maintaining the general 
organization used in the first lar^cale trial, they car- ' 
ned further some of the modifications already begun m 
the first semester, the number of unity was further cut to 
eight per semester; fiew attempts were made to combat' 
procrastination by in^posing ^^hard' deadlines" such as 
two one-hour exams and **m6ying windows'* that 
specified^ earliest date and latest date on which credit 
could be obtained for passing a given unit; and in order to 
encourage students to work the assigned exercises, unit^ 
tests were carefully matc^d tg some of these exercises 

Students who had tajcen the first ;wo semesters of the 
PSl course felt, by and large, that there fiad been an 
immense improvement in the operauon-of the second 
inal compared with the first A few riew grumbles ap- 
peared, such as the complaint by some faculty and stu- 
dents that the exefcises were of highly variable difficulty 
and that dividing the subject into only eight units made 
each unit (oo long and too 4ifficult to examine with one 
,^or a few, test quesuons, but these difficulties were rela- 
tively minor. 

We will not give a detailed description of the two 
large-scale PSl courses which followed in the academic 
year 4^72-1973, Overall, die -modified P^SI courses of, 
these semest^s saw steady improvements in study mate- 
nals. administrative procedures, and level of satisfaction 
reflected in. student cbmmen^s Many ^the faculty sec- 
uon leadefs wdio participated in the first trial were not, 
however, involved in the course ther^ter, and so were., 
nbt aware of the improvements that did take place The 
drift 6f th^ changes was cl^ly away from ' 'classical*' 
PSl. away from self-pacing and toward deadlines In- 
deed, by tfie end of the large-scale trials, the PSl features 
of the Course essentially were beijig added on to a, con- 
ventional lecture forrH^t, with only the section meeting 
serving a funcDon different fromithe conventional Vecita- 
uon. - , ' 

In the spring of 1975 the Associate E)e||frtment Head 
' assembled a committee to discuss the overS gf-obleins of 
the introductory courses The informal discussiotjs of 
' this group provided some oSf ih.e -information used by a 
more forma! dep'afpnental committee appointed to study 
the ennre undergraduate physits program during the 
summer of 1973, One of iis (EFT) was a member of this 
summer committee, wl^h examined, ^among many other 
subjects, the PSl inmxiuctory courses, A n^-unani- 
mods dissau'sfaction with these courses .was expressed by* 
faculty members oii the committee As far as we can tell 
this dissansfaction was not based on any evidence of 
wfidespread^ lowering of standards or giher academic 
grounds, nor on evidence of oi;ganizational difficulties, 
these having beei\ largely overcome However, the 
"committee voted to recommend a *'<ooling Qff period"* 
that tjie large introductory courses should not be taught 
by tins method during the following academic year The 
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Department, realizing" that so many faculty were dissatis- 
fied:, acted pn this recommendation, returning- these 
co^prses to the lecture-ted|ation format. 
-» * ' • 

DISCUSSION ' 

» 'In-thinldng about the rise and fall of PSI in physics a;A 
MIT, we hav,e come to recognize two layers pf analysis. 
The outer layer consists of some^'relativeJy straightfor- • 
ward concli^ns about What seem 'now Vo have been 
organfzatiotiaJ errors made in going from smsdl- to 
largerscale use of the PSI method, Hulsize^, wifo in- • 
i'^iated the first large trial, has* identified, in retrospect, ^ 
two initial poJici^ that had serious conseqi^nces. the- 
first was to compose and use new study guid^with the 

• fuli 600 students without first trying 'them out witfi a ^ 
' small class; the second w^ to have 27ijnitsper semester 

rather than l5'or fewer untts as used in previous MIT 
trials. 

More than one organizer pf the large-scale PSI tnals 
has said that since the courses mvolved. were required 
sulsyects, PSHho«ld"have been offered as an altemauve 
option rather than as a_tojiJ displacement of the standard 
lecture-recitation methodS'Had this been done and had 
facujty members'teaching.by the PSI method also-^eeii 
- volunteers, this alternative fnethod»might well have at- 
tractcd particijjants -who found it compatible to their 
learning and teaching styles, and the number of students 

• taught by PSI could have reached soVne .equilibrium 
level.. ' • \ 

These are straightforward .conclusions, reflecting a 
consAisus among those close to the experiment 

The response of the Dg>artment to PSI was consistent 
with the way it had handled innovations in the past. The 
custoiujry practice is to grant to faculty who request it ^ 

.pcrnjissidft to try mnov^ve materials, to. provide sup-* 
porting facilities and staff as needed, and otherwise to 
give them, frecdonf to teach the cour^ in iheir own way 
TTiis pattern has resulted in a serie»;©f \Vell-known 
textbooks that have contributed sul)stanlially t^.MIT's 

' reputation in^physics education- Siater and Frank. Frank 

; alone. Nforsc and Feshbach. Sears and 'Zemanskjj. In- 
gaiU and Kraushaar, and more recently Kleppnd- a/d 
Kolenkow. Benedek^nd Viijars. JThe new ifttroduct^ 
course developed in th.e late sixties in the,E(Jucatioa Re- 
search Center was introduced m the same way. Although 
it inchided films, background publications, and "oor- 
ridpr experiments. as well as texts (authored principally 
by A, P. French), the courst formdt was the usual 
lectuffc-recitation one. / 

Hulsizcr's request to teaeh the introductory cour^ by 
PSI was handlfed in the customai^ v^ay llhat had beerv^so, 
successful in the past Only after the Jarge-scale trial was' 
undorv^y did it become apparent that the ohanged^d;rmfl/ 

'of PSI involved more fundamental dislocations than had 
been expcricDC^ in the .earlier innovatiohs. With^c 

-Hqdom of hiijdsight, several observers agree that « would 
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have been helpfuUp have organized at the beginning an 
ad hoc departmental committee that could have per- 
formed ohe orNnpfe of the following tasks; collected 
from a variety of sources (including the ERC staff) 
suggestions and recommendations for how the first large 
course should bi^iorganize^, Solicited personnel to run the 
offerings subsequent to the first triaj while providing 
' theni with continuity of experience, information, and ad- 
vice; pr6vided a neutral forum in which faculty feeling 
about the course could have been vented and examined; 
acte^ as a buffer between course managers and ^ther 
' departments; and orgariized,an independent evaluation of- 
the results * , 

We, feel tiiat useful insights; may be dravvn from" tl^ 
forefibing discussion by innovat<|fs in other cir- 
cumstances. jBut if we stopped* witii these straightforward 
. conclusions 'we should have failed to grapple with, a 
>vhole set of more basic and puzzling questions tiiat.^d 
to a second layer of analysis, questions such-as: 

Did the large-scale PSI trial truly succeed pr fail? 
What conclusions follow about the PSI method 
itself? . ' ' . 

Do students want what PSI has' to offer? 
Whose opinion was fifhally o?\onsequence in 
suspending the PSi trjal? 

How useful is educaUon research to those making 
educational changes? , ' 

Since the original -actors in the ^Irama are still available, * 
one might expect to be able to obtain direct answers to 
these questions.^ However, in attempting to do so we 
spon found that reactions of different participans'to the 
s^me events differed markedly from one another. 
Moreover^ the evolution of PSI in physics at MIT seems 
io have been determined not,, by the answers to these 
quesnons but by the conflicting perceptions of different 
panicipants and observers concerning the issues that un- 
derlie these quesnons. To move, as we do now, to a 
^dikussioijg^ these percepdons^nd conflicts of view is to 
eiTTer a more complex and inevitably more subjective 
- vialni. It is difficult to treat such issues in a systematic ^ 
s manner ,^but we Cannot avoid; them if 9ur account is to * 
^ reflect more than a superficiif analysis. What'wfcre the 
central underiying disagreements and other factors that 
we ha(^e identifiecj? We discuss the principal ones below. 

» PoinCs of view on failure 

We have already noted that thdV^acadenlic pubjic" at 
MIT began to percejve the large-$cale use of PSI in- 
physics a^ a failure as soon as the first trial ran into 
trouble.. The •failure'* label was pinned pn ESI at^th^t 
. poin^ and stayed put Through four Semesters" despitt sue- * 
. ce^ in overcoming various management difficultid^and 
pedagogic problems. The label was read relatively un- 
iformly across other^ departm^its and certainly by the 
large group of physics.faculty members not direcdv in- 
' vblVed in the course. Among those physics sta^ who 
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actually taught the sections there seemqd to be three 
groups: small minohties who were strong advocates or 
opponents, and a larg6 middle group holdmg views that 
• could be ^escribed as mildly negative First impressions 
are often^las^ng* in academic communities as in otheYs. 
and it takes a long time for gejieral opinion. to catch up 
with any gradual improvement in a situation ii^itially p^r-^ 
ceived as unsatisfactory. ^ 

Those actuaUy in charge of the large-scale PSl courses ; 
felt that after the first semester their courses went quite 
well* In describing 'the second of the four trials. 6n^ of . 
these innovators. recalled. ^-^Jj^ ^ - 

•^The feeling was ]hji it (^^1>' was no woJse than 
' 'before, the faeulty were nl^rribl> ui\happ>, student 
ratings and grade reports were typical It was jUst 
ordinary — we were relatively satisfied 

Student reaction to the course can be determined 
somewhat more precisely. As pan of the freshman pass 
. fail system at MIT. students are asked to fill out two 
forms descnbung their progress in each course, one m the 
middle and one at the end of each semester We have 
transcribed, on an anonymous basis, a rj^ndom sample of 
more* than one thipd of the smdent comments on the 
courses we aje smd>ing ' After reading 4irough these 
comments, we were in(;hped to ask. 'What'failure,'^ " ' 
Aside from a . very small number of vitupei'ative broad- 
sides and a larger number of mild sug^estigns dii'ected at 
^ne or another .admmistrative procedure, the vast maj(5r-' 
hy of students seemed satisfied 

This conclusy)n ha^ been questioned b> some readers 
of early drafts tof^this paper on the following grounds 
although all smdents in a course are supposed to fill out 
forms on the course, in fact smdents who drop it or fail it 
often do not fill out the forms. Therefore, so this reason- 
ing goes/the opinions expressed on the forms are domi- 
"nated by*those wt|o have profited from the course, ^and 
the comments will be more favorable than a balanced 
picture warrants. It is difficult to evaluate this criticism, 
but we feel'that a contrary effect ms present' also, of those 
who do fill ou.t forms, dissatisfied ♦students tend to ex- 
press their Vgnpes " more often than satisfied smden<s 
extend praise. J 

One other sburce reflects smdent optqion about the 
course The smdent-pul)lished' course evaluaUon for the 
• first lirge-scale tnal was negative hut was principally 
concerned with the fact that the untt tests were thought to 
be too, easy The published evaluations tor subsequent 
trials showed^gradual improvement in virnially all areas ^ 
but especially in course organization 



* Flics of student comments arc maintained by the MlT Freshman 
Advisory Counal The Council insisted that the anonymity of student 
^x>mmcnts'bc stncily preserved They made the files available to a 
• Skiil Burtau typist whom we.eqjployed to transcribe the «.ommcnts 
WWtout names No one at MfT connected *ith this siudv has secn'ihe 
nari)te of students who'tnadc the cbmmenis or of staff mcmt^rs men 
tion^n the comments Wc arc grateful to the Freshman Advisory 
Counci\for their coopcrapotl m thft procedure ' 



We have already mentioned that the final examination 
in t^e first PSl tnal was made very similar to those ad- 
minisltered in previous yearns. Hulsizer's interpretation of 
the relatively new,pass-fail grading system for freshmen ■ 
courses led him to raise the dividing line between pass 
and fail irt^e course he administered by some 20 percen- 
tage points overwhat it had been in previous years. He 
\ fek this higher level of achievement could be demanded 
witbput undue penalties by allowing each student to take 
as. m^any as three' similar versions of the final 
examiniftion. Consequently, it is clear that in terms of > 
• contfentional test-passing criteria, the students on the di- ^ 
viding Jine between paste and fail were learning more 
physics** und^ the conditions of the* large-scale trial 
^ (with^its repeatable tesjing feature) than similar students 
* ' had under the former lecture -recitation fdrmat (with its 
' non-repeatable final). We have not ^been able to assemble 
comparabje information for the subsequent three se^mes- 
ters of large-scale PSl physics. 

The mystique of physics teaching / 

In our .discussions with faculty participants in the 
large-bcale PSl tnals, we encountered a widespread •pin- 
loh that the PSl method itself lacked some essential in- 
gredient necessary to the -teaching of ph);sics This opin- 
icyi was various!) expressed: PSl failed to display the 
'nchness'" of physics or its 'interconnectedness," orto" 
. provide the^^ extra something" conveyed by lectures.^ or 
' o tram students to ^olve ^x^ses, a skill sometimes < 
, taught in the elaborate recitauons" of a regular course. . 
^tiU others felt^hat the large number of units So^ussed 
.attention on the paperwork, allowing students to mov^ 
^ from test tv test *Mn a closed way*^ that accentuated the^ 
all-too-common student inclination to **go ihv the right 
answer" rather than to linderstan^d thej)ower of the sub--' 
•ject in a.4afger context Somehow or othe^' accordi*ng Jo^ ^ 
this set of opimons. what is important in phy^s teaching 
IS ineffable, it cannot be compressed into objectives, car- 
ired out b> means of stud> guides, or justified by per- 
formance on unit exams aimed directly at these objec- 
mes Although there is no specific agreement among 
^os^ holding this- general view 6f physics teaching, th£ 
following paraphra^e^ of a statement by one faculty^ 
member who taught a PSl course demonstrates this ob- 
jecuoij to PSl . ^ , ^ 

PSl units are rather ^tncted. the method lends jjself 
to material that can be taught in a mechanical fashion , 
not the subUe stuff. The physics presented in^e ututs 
must be transparent and as elementary as possible, bdt 
, physits IS not really transparent. The PSl units I have , 
seen do not contain satisfact(?fy{H<ysks. They reduce 
physics to simplicities and* 
problems have to be strai^h 
, mental idea^.jjxe really sob^le in 
difficult .problem really^ 
units concentrate on one i 
that way the more povtej^ style that j 
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Over (his question there was marked 'disagreement. 
For example, the reaction of another faculty member to 
the paraphrased opinion abovt-(and others hke it) was as 
follows; 

. . . Baloney ... I think there is nothiag in- ■ 
compatible- about PSI and physics. Every possible 
level of skjll and complexity ^and conceptualizaUon 
. can be aqhi^jved in ^Sl context. And I woufd say that 
- • on the whol^ the ability of working on a one-to-one 
basis with students allows you to encourage them' and 
help them work problems and thJnk about things at a 
«3 moch mo^e sophisticated level than you can wh^n you 

• just toss them^a bunch of problems and leave them in 
iheiryormitorips to wrestle with it with whatever help 
they can get from.their colleagues. My feelings js that 
a well-ru^ PSI operation can do a muth better job of 
teaching physics than a standard lecture and sectiorl 

• format." 

* ' . ' * 

These two opposing statements reveal underlying fun'- 
Jamental'disagreements" about the teaching of phvMCs. Is 
something lost b> breaking down complex ideas' into 
simpler ones? Are lectures the best wa> to communicate 
•'the subtle stuff? Wlvat goes into helping students to 
think at a "more sophisucated leveT'.V We^ cannofre-^ 
solve such questions here What is,clear\ howeverris that* 
individual teachers have their own pnvate^views oh such 
questions, often stfongly held, and that these^tv'er^ not ' 
,4|^ibHcly debate^! at the time. College faculty Tarely dis-l 
cuss their fundainental convictions concerning teachingy 

* moch as ,they avoid discussing r^igious beliefs * Yrf 
thise convictiOn|inf]ueDce judgmertts-and poliVy posi- 
tions.despite^their subterranean na^e. Genuine consen-^ 
sus demands that disagreements "^anddissatisfacuons be- 
'traced xo iheir roots and ackSnowle(J|:ed ' - . " 

What Stuaentrf^ Really Want^ ' ^ ^ ' ' 

Althou^PS! gives siudents some freedom in the 
scMu^iilg^d style of their work on a co^irse, many 

* faculty feelithat' thi% freedom runs counter to "what 
. students-i^iMlT students at least-^ trained for and ex- 
pect Listen to the organizer of one of the Jarge-scale PSI 
trials rn physics % ^ - 

. , *. 

**One thing that we were all trying to get away frc^n. 
is the thing th^ it was* very e^sy to get l^ack^o* 
namely, it is well known that MIT students lov.e to be* 
dnven^ And if you set them difficult goals wi,th toOgh 
schedules ancf hard examinations and very difficillt 
situation^, they will nse to those demands . . If thVy: • 
hadn 't bea; their heads against'the tough schedules and 
compeutive- examinations, tfiey wouldn^ hayt gotten* 
into Mrr.^They 'rc all pnmed for that kind of approach 
and It IS guaranteed to work ' » 

At the time wc interviewed anothej^f the organizers, h^, 
was teaching the 'sani? subject agai^n, but this time b> ih^ ^ 
regular lecture-recitation format He had added to this^ 



regular method very stringent scheduling and detailed 
insu^ctions to students and section leaders, ^ere is the 
paraphrased descnptidn of this lecture-recitauon course 
and Its results: 

This temi the morale of the faculty is extremely high. 
The student evaluations are excellent, though we don't 
have the fina) rating. They. know what they will be 
taught in cl^ss on a panicular day, they know what 
they've got to do. There is a quiz in class every week, 
they know the dates from the beginning .... Not 
- oniy*students are'told- what to ^o, but instructors are 
told what to teach in each section meeting. They love 
^ it; even [one of the section leaders most enthusiastic 
aboig^the PSI version] happy, • 

Some evidence confirming thi* perception of what 
students want can be found in the midterm and end-of- 
teriti freshman evaluaUons. One student wrote at the end 
, of 'the first large-scale trial: 

"Theadea of a self-paced coOrse is great for students 
WHO WANT IT, BUT IT SHOULD BE OPTIONAL. 
^♦ith students coming in from all differerw 
backgrounds, it is ABSURD to think they ai'e all qual- 
ified to pace themselves.'* W 

The number making this complaint was balanced by an 
^ atmo'st equal number of students whp apparently felt 
stimulated by the added fr^edbmi of PSI. Halfway 
through the second semester course, one student re- 
tharked: 

, prefer it this Way, i e., self-paced^o tension and. 
perhaps most of ay , lots of roqm'for personal innova- 
tions." ' ' ' 

For sdme students procrasiitiation was a by-product of 
having only one of four or five courses per semester in 
the self-paced format: " ' , 

'i, can't quite decide whelher I think, self-paced 
courses are good or' not. I don't really think they area" 
gCKxJ idea for % pass/fail cobrse, that is, when all a 
student*s course are pa^s/fail. There is a tendency tp. 
, let yourself get behind in, the self-paced courses, and 
^ concentrate more on the courses that have stringent 
, deadlines on their ajsignmegts. " 

Apparently at least some freshman requife relatively un- 
ambiguous direction about how to manage their D^e. 
^Thesp students find the greater freedom of PSI to be a 
' hurdl^ m itself. ' ^ 

W 

^ The Role of the Faculty Section Leaders 

Thb faculty section leaders in the Large-scale trials oc- 
cupied a central position in the execution of the course. 
Yet {hdy often did not feel that th^y were themselves 
innovators. B^ and large* their role in tfi6 large-scalc/PSI 
course more passive than the one they vYefTaccus- 
t<imed to* play in the convenuonal lecture -recitation for- 



mat, arid also different from the role played by instruc- 
tors in the earlier small-scale trials of thoJ^SI methQd in % 
pjiysics. In 9 r.egular.iecture-rjeek^tt<)n course, -faculty 
recitation instructors have a g&xfdeal of autonomy; al- 
though they are expected to reinforce the presentation 
carried out in the lectures, they have (Considerable inde'^ 
pendence in running their ^sections, both in the style of 
teaching and in the coverage of subject matter. Arid in 
the trials of the PSI metl\od in the. Ejlucation Reseacj*^ 
Center, instructors themselves prepared study guides and 
unit tests"(and therefore controlled the presefttation inr 
detail) and also -supervised tutor^ (rather than them- 
selves grading unit tests);' their "teaching time" was 
spe/it supervising \h6 system and answering student and* 
tutor questions about the subject. 

The'posiuon of faculty. section leaders in th"e large- 
scale trial of PSI in physics. was altogether different. 
Typically ^they had not .volunteered td teach by PSI. re- 
ceived only a bnef introductign to the method, were not 
involved in wnung study guides Or unit tests, and had 
little control over^he way their sections were run. Wheji 
they ^>vere not overloaded 'as 'test graders: they were 
> underutihzed as teachers, a difficult position f(«»MlT 
faculty. As a i4sult they typically did not identify, with 
the new scheme: it was someone else's innovat4on. 

When we asked kulsizer ho\v much' of the negative 
reaction Jby some sectioh leaders could be attributed to 
general resistance to any teaching inriovation, he replied?- 
part, . , - ' 

•*I^ don't thinlt that the resistance, the negative reaction 
hy some section leaders, 1? nece^sanly attributed to 
resistance to an>, teaching innovaUon J just thmk that 
some people prefer the section situation in which they ^ 
play a- more dominant role in the teaching pj^oc^s*" 

' If iH'e large-scale PSI mals changed the role .of the sfec- 
tic^i kader in the manner we have 4escnbed,^ it is under- 
stan^d^ble that a powerful faculty* constituency, should 
have finally weighed m' Against continued use ot the 
'method. * , ' . 



THt Usefulness of Education Research 

^e wondere^jl^abput the hesitancy of some physics^ 
faciJty to draw upon the^ experience of the PRC staff 
> durifngthe planning stages of thi large-scale trials. Local*' 
pblitics and personahty factors inay have been panially 
*responsibte4nd peed not be airedh?i;e However, during 
our interview's we became iwareVof^a widespread and 
-^very recognizable atutud^— mere often implied^ than 
express^T-that there is little prdlt to^be gamed from 
taking the time to study carefully the non-curricular ^^s- , 
pccts of the^'^uc^uohal pfocess and environment. It is • 
not quiXt correct to sfey that most physic£^dfessors feel • 
^ that "anyone competent in physics can teach iti.*' bui 
"there >as cteainly a strong undercurrent 'of skepticism 
il?out the usefulness of most educational reseafch.and a 
lorr^ponding disinclination to involve in the desi|nx)f 

* *. « ♦ 
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new courses individuals whose main prof ession|f activ- 
ity IS education research and innovation When we inter- 
^viewed one of the*principal supervisors of MFT under- 
•graduaf^ physics teaching, he-remarked, vi don't follow 
the education businesj^*' ' \ . 

Skepticism about education research is not Aincom\^ 
mori(.and we have a good deal of sympathy with it.* One 
of as (EFT) has assembled a bibliography in physics 
education and has beenfppecd-lo acknowledge that 'while 
articles treating the subject matter of physics are often 
helpful, good articles about how to improve the^rmar of 
courses or how to analyze the context adequitely to in- 
sure that an improved format survives, are in short sup- 
ply. The literature in this area could charitably be de- 
scribed as "dilute.*' 

Yet the present study has reinTorced^ur o{)inion that* > 
anyone who undertakes an^academic iriHova'Uon must . 
take into account far more than the course^content and " 
the iephnicalities of running the course The wider con- 
text also^h^s to be 'considered: how to ensure that all 
involved are informed about what Jsf happening; that di- ' 
vergences of b'asic viewpoints^e brought to the surface; 
thatatteiUioii is drawn to the good points as well as to The 
»bad. that diTficulties are quicUy rectified; that there are 
compensations to counterbalance the reluctance °to un- 
4ergo the upheavals attendant to innovation. ^ 

The general lack of confidence in'tHe value of educa- . 
• tion research was str^gtherifed in the present case by a 
.specific distaste for "motivational'^^and "rein- 
forcement" techniques associated with the nanie of Har- 
vard psychol(%i6t B. R Skinner. The PSI method grew 
out of. the behavionst school of; psychology identified^ 
-with Skinner, and both Keller and Green were influenced 
. by him. Some* MIT faculty (in departments other than 
. - physics) have been the most vocal- publie critics of Skin- 
nier, and pre<n intentionair^did not emphasize Skinner's 
conne,c|i6n>^^ PSt Nevertheless^, several manag^of 
the l^ge'-s'caie PSI physics courses have*ackno*wle^^ ^ 
that they hoped to make use of -the "obviously »desira- . 
ble'" aspects of PSI v^thout the "^kinnerian'oyeftoneJS''' 
and "pxAreme meksures" such as ''lecture as •reward" 
and oth^r " coji tinge ncy- management" techniques used 
by Gre^n in hi? ERC courses. ^'At least some ^.of' these 
/nranagers-" avoided asking for advice because they ex- . 
pected not tcbe able to accept it. • / 

CONCLUDING REMARKS 

^ome readers will be disappointed that we have not^ 
provided a defidiuve sin^?e answer to the question "Why - 
was the^large-scalp^'al of PSt in tiie^MIT Department of . 
Physics discontij^uerf?'' We are ourselves convinced that J 

• After reading a draft of this paper. Grcc/i has, commented that, in 
his view, the 'faculty attitude toward contingency management is dou- 
bly ironic The first Jarge- scale tnal suffered from "student procr|ptin3% 
tion. \ e * inadq^qua^iucomingency managemeVt- <hc changes made iiN 
later semej^cTs to ^ fcedv t btt fituation involved the ^sc of deedKncs. 
Nvhich ire <?pntingencicsiiMifejr most direct form andm fact T&rshcr 
contingencies than G;ccn hmi|clf used in his'^own co4i||^ * ^ 
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there 4s no such single answ'er, but that -a .variety of 
events » circumstances and reactions combined^ to' 

. produce a widesp/ead impression of failure/ Indeed, a 
case can be njade that the large-scale trial of PSI did not 
**fair' in its central func^ori of teaching physics to stu- 
^ents. Instead it^seems to us the large-scale trials were 
discontinued bee W^of the perceptions of both particip. - 
ants and non-participants. 

The * failure'' label derived particularly from the days ^ 
of initial difficulties with the trials. But if many faculty 
had enjoyed teaching this if there had been a vocal 
group within the physics faculty strongly and persistently 
advocating PSI; if PSI had been offered simply, as an 
option for teachers and stydents who found this style 
compatible; if the critique of the standard age-long teach- 
ing methods implied in PSI had tteen made exphcit re- 
peatedly; if there had been contihuity or organization" 
from small-scale *to large-scale trikls» then these iriual 
difficulties might have been rapidly forgotten, being de- 
signated as "teething troubles As it was, the moderate 
success of the latfer tnalsVas not sufficiently publicized 
or acknowledged. Moreover, with successive modifica- 
tions of. PSI the scheme be^m^ more conservauve, so 

' that even the attracuons of the '^radical alternative** were 
eroded. At the same time the undergraduates bepame less 
critical of established Forms. * 



What characterized the first phas^and rendered itiiif- 
ferent from what came l^ter was tjiat it was organiz^by 
■a group who made PSI a major professional c^imit- 
ment, who acted as an anchor group (with steadily ac- 
cumufatihg experience) from semester to semester; who * 
were in touch with (as well as furtfiarDrQ(iioting)'a na- 

. tional PSI movement. They also worked jj^'iih 
volunteers-^.e., students who purposjfully opMout of ' 
the conventional course format to try the PSI version^ 
This pattern contrasts wfth the large-scald trial, which ' 
was modified in form, imposed, with minimum consulta- 
tion On an educaUonally conservative, higljly research- 

^ oriented and extraordinarily busy, faculty group, and re- 

' quired of incoming students. 

In retrospect it appears straightforward to point to the 
need for appreciation of '*scale*' changes, for extensive 
communication and consulution in the early stages of a 

.major new venture, and. for understanding of changing 
roles that follow in the wake*of a'newly imposed course' 

structure. But we realize— ^s well as our readers that 

these lessons are the'^h^dest to learn except through per- 
sonal experience. If, as a result of this post-mortem, 
S9me intending innovators revise their plans to take more 
account of their own particular circumstances and build 
in extra supports for their fledgling ideais, then our study 
will have been worthwhile. 
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APPENDIX F 



- Summary Report of the CASC Advanced I^'-Servjce Faculty Development Program. ' 



THE CASC AbV ANCED IN-SERVICE 
FACULTY DEVELOPMENT PROGRAM ' 

\The Council for the Advancement of Small Colleges 
(CASC) is a national association which was founded 
more than twenty years ago to meet the unigue needs of 
the small liberal artsyollegefHn recent years, CASC h^s 
devoted considerabl/attention to the emerging needs for 
faculty developmerfl m thes6 colleges. ^ 

The first stage of the CASC f,aculty development pro- 
gram was made possible with a grant for 1-50,000 from 
the Lilly Endowment CASC provided expert consulta- 
tion to CASC college teams that wished \o plan for in- 
stitutionally basedfacult> development prpgramsiiunng 
the annual CASC Summer Institute in August ofS974, 
Fony teams consisjing of three faculty members, the 
president, and the academic dean, met to>expand on a 
tentative pl^n for faculty development which they had 
each prepared before participating in theijational fnsti- 
tute With assistance provided dunng thTw^ek by tfen 
nationally ioiown consultants, each campus team re- 
viewed, studied and refined its plan through group dis- 
cussion, personal reflectiort and n^gouation. This plan- 
ning process conunued In the fall ^of. 1 974 at a senes of 
regional CASC conferences 

The second sjage of the faculty development program 
began in the spring of 1975, whea facult> from focty-five 
CASC colleges were selected to receive training and 
consultation in the implementation of' faculty developr • 
mthi p'-ojects Approximately one-half .of these colleges 
wer^ among those involved in sta^ one The second 
stage of the program was supported by a generous grant ' 
of $190,000 from^the W K Kellogg Foundation, \ 

The forty-five faculty trainees— called ^^on-campiis 
consultants** tOCCsK^ttend^d four national institutes; 
(a) a seven-day basic training institute which was^on- 
ducted m August. 1975, at Lake Forest CoHege.,(b) an 
advanced si^^day training institute which was conducted 
• jn January. 1,976. at the College of Mount Saint Joseph, 
. (c) an advanced nine-da> training, institute, mvolving 
two three-day specialized modules and one three-day 
core module which was conducted in June. 1976, at the 
Snow Mountain Ranch near Denver. Colorado, and (d) 
an 'advanced fiv^-day training institute involving two 
ihree-day specialized modules and a one-day core mod- 
ule, which was conducted in November. 1^76, at 
Bethany College. ^ 
These institutes served jseveral important functions 
^ First, the OCCs were exposed tqa wide Variety of faculty 
. development services, afffl provided \Vi;h sufficient in- 
formation and skillaS^'offer many of 'these services on 



their owq campuses. Some of the areas to which the 
OCCs were exposed in depth are: insuiictional diagnosis 
'and improvement, student evaluations of instruction, 
cours^esign consultation, leadership training and cur- 
riculai>'design and reform. During the core modules, all 
of the OCCs were also trained in the use of consulting 
skills^ and were provided with information to assist them 
in grantsmanship, planning futuristic curricula and eval- 
uating faculty developmeiu programs. Second, the;insti- 
tutes provTded an opportunity fpr the OCCs to establish a 
close and ennching learning cbmn^unity. As faculty de- 
velopment practitioners who come from similar institu- 
tions. the OCCs were able to share successes and fail-- 
ures, and to provide important interp«Sonal support at 
times of difficult personal and professional challenge and 
change Third, the institutes enabled regional groups to 
l^e established which reflect natural patterns of^elp and 
commumcauo^ among CASC qolleges. Finally, thg in- 
stitutes proved to be occasions for eSch I)CC|icr tem- 
porarily leave her busy and pressurized exisSfce at a 
CASC college in order to spend several days reflecting 
on her current and futui^e professional life.* ^ > 

The OCCs received six other services: (a) copies of 
two volumes of A Handbook for Faculty Development, 
which were written by William ,Bergquist and Steven 
Phillips for this progra%, (b) a senes of three to four 
on-campus consultations by seven nationally known ex- 
perts ^rqhe field of faculty development, each epert serv- 
ing as a m^r to four to eight of the OCCs; (c) n!^etings 
of four to eight OCCs from colleges in a specific geo- 
graphic region of the country with the mentor assigned to 
, each region, (d) provision of monies to each fegion so 
that the region as a totality, or individual OCCs -in tfie 
region, could plan, implement or attertd training yvork- 
shops. conferences, or other activities associated with 
' professional growth, (e) a four-day training program for 
ten of the OCCsin the uke of illuminauve evaluation, and 
(f) visits by the ten trained OCCs to: thirty -five of the 
participating CASC colleges where an illuminatiVe' 
evaluation of the fa^:ulty devdopment program at each 
institution was conducted. ; 

Participation in-each of these activities was^r;Kifying. 
At least^ forty OCCs attended the first three /nstitutes, 
thirty -fdiir attending the fourth (which^was held at a time 
when classes were in session). The regional meetings 
were attended by most OCCs, and the mentorship pro-; 
gram^ has been actively used by virtJally all OCCs. ^ At. 
least forty^wo of the onginal forty(five OCCs can be 
"said to have actively p^cipated in thi/ program. , . ^ 

Several , important, benefits have clei;|y emerged for 
the OCCs who have participate in this program. First, 
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the OCCs have gained infdrmation and skills that they 
can and have used on their campuses. Secdnd, because 
of their participation in the program, the OCCsr have 
gained il^^eased credibility at home, •hird, the OCCs 
have often moved into fjo^itions "of academic leadership 
(or were already in a leadership position prior to entering 
the program). They are able to work in this.posilion with 
l^eater insight into the nature and -development of fa- 
oilty, and more knowledge of current and future trends 
in American higher education. Foui;^, the OCCs have 
acquired new friends, a continuing menlorshlp relation- 
slfip, and a funcli'oninj regional network, v^ich allows 
them to "Continue their own professional development 
after the program has terminated. Fifth, in many in- 
stances,- the QCC hasw worked closely with a faculty de- 
velopment committee or team, conveying important 
learnings from the CASC program to other faculty and 
^ministrators. In this way the impact of tKe CASC pro- 
gram has been extended , and probably will be sustained 



This program has also had a significant imp^fct on» 
CASC. For the first time, CASC is working with faculty 
rathW than administrators over an extended ^)eriod of 
time. The CASC staff has ^^oui faculty in these 

colleges, and the faculty havrlefcned about CASC. For 
many faculty at*the participa^g colleges, this is the firsts 
CASC activity that has been felt at the **gra3S roots" of 
the college^ Furthermore, this program has allowed 
CASC staff members'to belter understand how they can 
most effectively faeilitale this renewal. In general, the 
iraning institutes (especially those with focused themes), 
the menlorships, the handbooks and the regionfql net- 
works have proven to be successful^devices for the provi- 
" sion of services by CASC to'its participating colleges^ 
^ One of the indirect — and perhaps most important — 
benefits of the CASC faculty development program has^ 
, been the insights provided by the participants concerning 
howlfaculiy development can be effectively implemented 
in the smaJl, liberal afts college. 
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. Sample Design of A One-Week Intensive Faculty Development Workshop. 



APPENDIX G 



SAMPLE WORKSHOP DESIGN 
, Duration: One Week ♦ * 

»' Focus: Instr^ictionai Development {Secondary emphasis on personal and organizauona'l development) 



oc iimc 


Activity 

— ' r : 


Brief Descnpiion ^ y 


»• 


WEDNESDAY 








Evcnir^ • 


* Orientation to Workshop 
Informal Social Period 


A Review Workshop Design 
\ '**v Review Rationale for Workshop 




* THURSDAY 
Morning 


♦ ^ 

Discussion Session: ' . 

Roles as a Teacher 
Short Theory Session: 
V Teaching Styles 
Discussion Session: 
Teaching Styles ^ 

. Micro-Collegi Planning 


- — - 

\ Respond to question: **Who Am 
/ I As A Teacher?** 

Presenlation(of a^ taxonomy of 
SIX different teaching styles 
Small group discussion on 
implication of idea§ from 
theory session 


o 


Afternoon • ^ 


^ Micro-College ' ' ' 




Concurrent presentations by staff 
and interested participants on 
topics chosen by entire group 




Evening ^ • 


Skill Training Session: 
- Helping * 

K 


1 

Theory and practiceKin 
establishirtg' a helping 
relationship 




FRIDA¥ 
Morning ^ 

{ 


Discussion Session: *• 
Roles as a Learner 

Role Play: 

Student Learning Styles 
Short Theory Session: 

Student Learning Styles 

Micro-College Planning 

t 


Participants reflect on their own 
learning processes in a variety 
of settings 

Presentation of six different 
V ' • learning 'styles 

\ 


« 

\ 


Afternoon 


^ 

» Micro-College 
Teaching Laboratory 


^ t 

Actual teaching in a video-taped 
laboratory 




Evening i 


\ Skill Training: 

Problem-Solving 


* 

Presentation and practice in 
using a variety of problem 
solving techniques 


• 


./SAtURriAY 
Morning' 

r^^^ 


Discussion Sessioi. . 
The Influence of the 
Institution on the 
^ Classroom 
Micro-College Planning ^ 


• Use of problem-analysis to assess 
nature of institutional influence; 
' fndividual assessment, plds 
• small group discussion 




Afternoon 


^ The Dilemma V Power 

4' 


« < 

A simulation on power and systems 


1 
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Evening 

SUNDAY 
Morning 



Afternoon 



Free 



Exercise: Small Group 
, Decision«Making and 
* " Conflict'Management 

iJftcro-College Planning , 



Micro-College 
Teaching Laboratory 



^^Consultation and J)nef theory, 
session 



Evening 



MONDAY 
Morning 



Skill Training Session. 
Decision»Making 



Discussi^on Session' \ 
Reflecting on Planning 
for the Future 



Use of Decision«Making games, 
plus theory 



Use of Life Planning Exercises 
modified to specifically 
focus on teaching 



•f. 




, Afternoon 



Teaching Laboratory 
^ . Preparing for Return 



Classroom 



Participants provided with 
opporuimty to try out new 
teaching methods 



Evening 



Discussion Session: 
' Preparing for Remrn to 
^Signtf|f*afirOiher People • 



Reflection on personal (earnings 
from workshop, how to convey 
these to spouse, children, 
fnends, and so fofth 



TUESDAY 

"inomtng" * — 

\ 



Workshop Evaluation* 
ImeWiews 



Workshop EvaluaUon' 
Questionnaire 



Participants interview each other ' 
regarding significant learnings 
from workshop; particularly, what 
did each participant learn about 
the way he ieahis, how to continue 
the type of development tiegun at 
this workshop 

Evalu^twn form given out to 
participants 
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' SUMMARY, CURRENTLY-USfiD ^ 
MECHANISMS AND DELIVERY MODES 
FOR NONACADEMIC PERSONNEL 



APPENDIX^B 



For 

^ National Science Foundation - 
• Directorate for Science Education 
Washington, D. C. J 

Joseph M. Biedenbaph 
Director, Continuing EdQcation for Engineers 
GoUegeof Engineering 
University of Sou* Carolina 
Columbia, S. C. 29208 
(803) 777-6693 



^'^ ^ °^ 'i." ^^"^ '"P""" '° * '''P'*" Science E^lucation Directwate of the « 

N.0011.1 Science FoundaOon as put of its consideration of current and possible futufe activities in contmumg 
education m science and enginefnng. Any opinions, findings, conclusions or reftmmendations expr<ised herejj 
are mose of the author and do not necessarily reaecUht.views.oLthe-Jsfational Science FoundaUon 
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FOREWORD . ' 

The following report is a very brief overview of the use of multr-media techniq\lis in 
continuing education for engineers and scientists. In the time allotte*this is all that can be 
done. Th;^ subject co^ld very easily lend ^tself to an extended study and. require one man 

year of effort. ........ j <• 

In the report are iUustraUve examples of uses of media in conunumg educauon for 
engineers and scientiaj, The author is awarq that many more examples could be given, 
but the4serve to show the scope. The Appendix .contains some lists of people, materials, 
and soJItof producers/users of media based programs to serve as a starting point for 
future dKientation. Although the use of these techniques are aot insignificant, they 
represent only a>small fraction of the condlming education effort of industry, professional 

societies, and universities in this emerging area of education. • • • • ^ ' 

Theuotential for increased use of these techniques for bringing more continuing educa- 
tion tp the practicing engineer/scientist are many, if certain problems qan be overcome. 
The National Science Foundation has the capability of providing the leadership in getting 
this initiated if they would exhibit the interest to become actively involved. 

The author is deeply indebted to Lenore Biedenbach, Donna Ford, and Linda MaynariJ 
for their help in compiling,this report. Without their help and advice it would, not.have 
become a reality. . 

^ ^ J. M. Biedehbach ^ . ■ ' j " - 

* " Director of Continuing Education . * - . • 

for Engineers / . 

University of South Carplina 

Columbia. S. C. 29208 - , 

1^03 ) 777-^93 
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PROPOSED COURSES OF ACTION FOR 
NSF 

Introduction 

Most continuing education programs in universities 
have to be self-supporting and therefore, the continuing 
education director is under pressure to make sure his time 
and effort are spent on doing those things that will make 
his programs successful. As a result he doe? not have 
much time, nor is he willing to make the effort to prepare 
in detail proposals to NSF or other agencies (with little 
chance of. success for funding), to undertake research 
projects for disseminating information on continuing en- 
gineering education. Although there has been much ^t- 
ten on thexonlinuing engineering education field, it iTSl * 
a general nature and very little hard research has been) 
done. This is a tragedy because people are makmg deci- 
p sions on prbgragiing with insufficient hard data to make 
the best decisions. Because of this, the author would like 
to proppse that NSF use a different approach in asking 
for proposals. 
Rather than using the '^^scattershot" approach, and re- 
^ questing individuals to submit proposals on their ideas', 
^ the NSF should ask for ^ecific proposals on topics 
where they perceivrf'a heed for research. This would giv^e 
some direction to the field of continuing education and 
^ would enable some solid research to be done which 
would help all those concerned. This is especially true in 
. the engineer need assessment area, individual motiva- 
tion, evaluation of programs, and other such areas of 
general interest to people involved in the continuing edu- 
cation field. In addition, one of the serTous problems 
facing continuing engineering education personnel is the 
requirement for upfront funds to do spme basic research 
in * getting informaljon out to their colleagues. Even 
though the funds required to do the job are approximately- 
$10,000.00 to $30,000.00, organizations Just cannot 
take that risk in the hope that they can recoup these funds 
from selling the monographs or booklets in the various 
research areas. If NSF could develop a strategy to over- 
come this problem, there al-e a great number of people in 
the field who could participate in the development of 
many studies. 

Tve listed below some specific items that NSF should 
consi'der in trying to develop a progressive lookitig pro- 
gram over the next three years. 

I Support four regional workshops around 
the country to determine **grass roots" per- 
ceived needs from ^engineers, industry, and 
universities. 

2. Support study on the Current Status of 
Television A^ideo Tape,Programs for CEE. 
^ , 3. Supj)ort study pf the , Current Status of 

Professional Society CEE Programs. , 

4. Study on Current Status of CEE Pro- 
grams in the Academic Environment. 



5. Study on Current Status, of CEE Pro- 
grams in Industry. 

. 6. Study on How Engineers/Scientists 
Learn as Adults. / 

'7.' NSF Actively Participate in an Interna- 
tional Cqptinuing Engineering Education Con- 
^ ference. • ^ 

8. Sup])ort the Development and Produc- 
tion of a Compendium of CEE Program Mono- 
graphs. 

9. Make a Need Assessment study of CEE~ 
for the Practicing Engineer. 

10. Support a study on the motivation of en- 
gineers, industry and universities to participate 
in CEE. 

11. Support and encourage proposals such 
as the AMCEE and GENESYS Systems al- 
ready under consideration. (Consortia looks 
very productive in the future and^the Carnegie 
Commission reports seem to bear this out.) 

12. Make a study of the effective evaluation 
instruments that should be used in CEE pro- 
grams . 

*I3. Support and study investi;gations de- 
signed to'bring continuing education programs 
to engineers in small and medium* size com- . 
panies . 

14. fllipport the development of an annual 
university and private proprietary institutions 
catalog of continuing education programs 
available to industry. (Take the place of Learn- 
ing Resources catalog which has bepome de- 
funct. With a different format^ it could be self 
supporting in two to three years.) 

15. NSF personnel should^ actively partici- 
pate in FIE Conference and QEC each year, 
and have a session devoted to NSF (give*^nd . 
take) each year. ^ . ^ 

16. Make a study of the g^fferia refer^ced 
continuing education programs being de- 

. veloped in the nation today. This shows good 
promise for the future. 

17. Support several workshops arottn4 the 
countfy on the techniqu4rfcof offering .and mar- 
keting CEE prograittl'' r 

18. Support mon^a^h on how to use in- 
dustrial advisory ccfmmittees for CEE program 
development. . 

. 19. Support and study the effect which 
mandatory registration, re-registration, certifi- 
cation etc. would Wve on the CEE programs 
around the country. 

20. Suppqri and study the status and future 
of the Professional Development Degree (or 
equivalent) as a reward system for continuing 
education. (Not to include CEU*s. This is what " 
everybody is worried about.) 
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INTRODUCTION 

Before one begins to disvuss the use of media-based 
instruction as a technique to bnng continuing education 
to the engineering and scientific; professions, he must 
have a thorough well thought out philosophy of continu- 
-ing education^ Over the past decade continuing education 
has become vitally important for anyone in'an engineer- 
ing or scientific field. It is obvious that the technological 
explcfeion. the competitive environment for consumer 
products which prevails in our society because of recent 
economic conditions, and the necessity for greater pro- 
ductivity for all people in our working society makes it 
mandatory that the engineenng departments of industry 
become much more productive. This places a great strain 
on the individual engineer's personal time if he is work- 
ing in industry, and 'on the engineenng manager's budget 
who must be concerned with a short term profit goal for 
his department 

In any context, education is hard work One cannot 
learn a new technology, remain abreast of the existing 
technology or releafn things forgotten without great ef- 
fort. If one considers the forgetting curve, it becomes 
readily apparent that although one may have learned a 
particular technology in the past The natural forgetting 
phenomena rapidly lessens one's expertise irf a scientific 

ai^ea. ' • - 

The responsibility»tor continuing education of the en- 
gineer must be shared by the individual,' ihdustry, col- 
leges and universities, and the professional societies. It is 
important to realize,- however, that the individual cannot 
abdicate his responsibility for maintaining his- own. pro- 
fessional* development. The other organizations men- 
tioned can assist, but individuals are accountable for 
their expertise in any panicular technology at any given 
point in their career. 



therefore; continuing -education programs must put spe- 
cial emphasis on the self-esteem and self-actualization 
.level. Many of our current programs for utilizing 
multi-media techniques or live instruction do fail to em- 
phasize this fact. , 

In addition, the engineer, because of the pressures of 
his job, family, and society has set some very -specific 
prion ties in his life style. Figure 2 lists the typical 
pnorities of a modem adult. 

Figtire 2:— Typical Priority Listing of aniEmployed 
Engineer 



1 



THE ENGINEER'S/SCIENTIST'S PROB- 
LEM 



If we look at the engineer's problems, we find that he * 
is motivated to do certain things,- utilizing Maslow's 
*HieiWhy of Needs. Figure 1 is a simple graphic illus- 
trating this theory. 

. Self-Actualization 
Self-Esteem Needs 
< Social Needs 

Safety Needs 
Physiological Needs 

Figure h-r-Maslow's Hierarchy of Needs 
Under the infiuences of our present society, most en- 
gineers are working at the self-esteem and self- 
actualization level. Physiological, safety, '^nd social 
needs have largely been met in our affiuent society; 



Activity 

Thp Full Time Job 
The Emergency Job 
Wife and Children 
Community Affa«s 
Hobby, Personal Fitness 
Family Emergencies 
The Other 
Education 



Priority Level 
Top 

Top-Top 

Top 

High 

Irresistible 
Top-Top 
Unavoidable 
If Possible 



Obviously an engineer's full time job and family come 
Jirst in his pnority listing. It is important that all 
educators and managers realize that the engineer will 
participate in educational programs only if he has the 
time and if there is a '^payoff for his participation in 
learning activities. Thfs is especially true if he must par- 
ticipate in learning activity after his wdrking day. Al- 
though* most continuing educational programs through- 
out the country are termed successful, when one looks at 
the number of participants in these programs one is hard 
pressed to determine whether or nof the majority of the 
educational needs of the greatest number of professional 
people working in this industry are really being met. 

An engineer 'develops life long learning patterns and 
styles from the timfe he is in elementary and secondary 
schools.' Figure 3 gives us some indication of how an 
engineer currently keeps up to date. 

Figure 3:— Engineer Life Long Learning Patterns 

Reading the Literature f 

Discussion with colleagues 

Attending the Conferences 

On the job learning 

Formal courses 
« 

' It is this author's observatioh that although most 
-people say that they learn best on the job and from read- 
'ing the literature, this is not really the case. Very often 
we can say that a man with twenty years of experience 
really has one year's experience repeated nineteen times. 
One often wonders if other people can read ^nd digest all^ 
the literature better than he, himself, canM, for one,* 
never test myself on wjiether or not I got 90% of the 
knowFedge from the material in the literature that I read, 
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and it raises a question oahow much I really learned. If 
one examines the forgetting curve again and the ability to 
remember things that, are read, he realizes the truth of 
what educational psychologists te* us: the maximunr, 
under ideal conditions, that the learner qould possibly 
absorb is 50% of the material read the first time through. 
Very few of us have the time to read 0\£r articles three or 
four times to get the maximum benefit From any panicu- 
lar program unless the'job .requires ernergency proce- 
dures imniediately. \ 

The problems of the adult learner include personal 
time, finances ,'»individual motivation to le^. and his 
inability to determine always what his actual rteeds^are 
In many respects, time and motivation are the tVo most 
important aspects of this problem. The use of^multi- 

* media programing techniques in most, programs could 
help solve these two major reasons for not participating 
in a life long learning environment Because of the prob- 
lem solving and problem definition ability most en- 
gineers and scientists possess, they are asiced to serve on 
many community committees. TherefcsTre, their motiva- 

• tion and time avaitable to participate in other educational 
programs of any length is lessened. 

Most engineers jand scientists, .if they have a problem, 
consult their peers. Supervisors,' and peruse the literature. 
It is interesting to note that anyone who works with con- . 
tinuing education pmgrams for any length of time begins 
to reairze that the academic level of information which 
engineers'need most on the job is not on the graduate or 
post graduate academic level Most of the problems con- 
fronting those working Mn manufacturing or industrial 
environments are people problems, and the skills which 
are needed to solve many of these problems could be 
classified on an academic scale of dementary, high 
school or the bachelojr of science degree level. TTiis fact 
sometimes is a ver^ mde awakening to youn§ engineers 
in the field aAd they feel that their skills are not beihg 
fully utilized witJiin industrv. , 

Cyril Houlei^^jiiversity of Chicago, stratifies profes-* 
sional people iri'four classifications, mnovator*, pace- 
setters, majority adoptors and laggards. In many respects 
this IS very accurate, Although many of usj^puld like 
think we are innovators, we reallj aren't., The majonty ^ 
»pf us are pace-setters or jnajority adoptors, and in our 
profession we have approximately U)7c laggards. In- 
novators are those persons who come up with the new ^ 
ideas-^which set the pace /or our profession, our profesn- 
"sifonal life, and are definitely in the minonty. The pace- 
setters take what innovators have designed and thought 
out ^nd put it imo practical terms* so that the rest of us can 
benefit from these idea^: This is the ideal person, then, to 
be used to develop the multi-media -packages for the 
majorityoadoptor. This . model gives -us a very good 
perspective on how^ \ye should devefop continuing educa- 
tion programs, which should be designed for majority 
adoptors and for pace-setters; primarily4he former. Con- 
tinuing educg^tion programs as- we envision them in in- 
dustry and the university will not help the innovators or 



mc laggards. The' innovators do not have the time to 
ftttend meetings from which they will probably glean 
Jlittle. They learn from' their colleagues who are also 
/ working on the frontiers of their particular technology. 
/ Laggards lack the motivation to^keep up to date. No 
I matter what, they will find an excuse for not parti qipat- 
ing, and nothing will increase their individual motivation 
substantially to benefit from programs ,Vhether they be 
multi-media or live instruction. Therefore, continuing 
education programs should be designed for the middle 
two classifications. 

The continuing education director or manager in- 
terested in the professional career development of his 
constituencies must look at the entire spectrum of an 
engineer's life and realize that he learns in different ways 
and at different speeds. Each individual is different; one 
multi-media program will not work for all kinds of mate- 
rial. As you look at the educational cafeer-lif^ of an 
engineer or scientist^ou would come up with something 
similar to figure 4; which Bill O'Bnen from Pnnceton 
University has called "The Conunual Learning Dia- 
gram''. (See'fig. 4.) 

It is obvious thsnhu^ engineer artd scientist at 
minimum opts for the bachelor's degree and moves up in 
various stages through his entire career span. He enters 
the work hfe at different stages and retires at approxi- 
mately age 65.' 

, With this brief background of the problems encoun- 
tered by an engineer in maintaining his life long learning 
competence, we will attempt to show how multi-media 
has been utilized by the engineer, university, profes- 
sional societies and industry fo help solve these prob- 
*lems. 

. \ ■, 

WHY USE MULTI-MEDIA MATERIALS 
IN CONTINUING EDUCATION? 

The use of multi-media techniques to bring continuing 
education te practicing engineers/sci^nUsts is becoming 
exponentially more popular each day. 

Some of these are behavioral in origin: the individual 
needs mental refreshment; some ^e the result of good 
merchandising by both academic and proprietary institu- 
tion, more efficient equ^ment more innovatively used. 
There are several very good reasons for this: 

1 , A large number of people can be reached over a 

widely scattered geographic area. 

2 Working in small groups is a more effective way to 

communicate technical sTdll educational mate- 
rial. 

3. It is more cost effective if we consider large masses 

of people 
4^ It is space and time independent. 

The development of self instructional material which 
can be used easily by an individual', or groups of three' 



Figure 4:— Continual Learning Diagram 
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EDUCATION PROGRAMS , 
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and four enables an industry to have open enrollment in 
, programs without requiring prerequisites; allows flexible 
' schcyiuling of the individuals' time/There is tremendous 
savings of learning time, and individuals can proceed at 
their own pace. Andjast, but not least, a mpre effective 
•program can be developed over a period of time because 
it can be evaluated for the results very efficiently. When' 
,one considers-^the personnel required to provide a 



multi-media package, five different categories come to 
mind. The producer, director, educator disseminating the 
information, instructional technologist", and the partici-N 
pant who will evennially take this program. These fivi 
categories of people have different cjiaract^ristics, and., 
unless a team is organized efficiently the parttcipant will - 
vpi get the program needed. In too many instances the 
participant's needs are riot well litffierstctod and the 
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multi-meaia progr?ims that have been developed have 
been very inefficient and ineffective. This is one of the 
reasons that some of these materials have not been read- 
ily accepted by many practicing professionals. 

Multi-media programs are very convenient for the par-' 
ticipant, requiring no travel on his part and allowing for a 
minimal irfkemjption of the work schedule. Most impor- 
tant probably is their suitability for small groups and 
classes which normally would require twenty registrants 
to render them cost effective. A program can be de- 
veloped for four or, five people if there are' sufficient 
groups throughout the nation that need the material. . 
Probably the most important facet of such programs is J 
that they are portable in terms of time and place. These ^ 
programs however, to be successful, must be attractive 
to the participants and meet tlieir perceived needs, be 
challenging and up to date, and give the participant a 
sense of gratification upon completion. Hopefully, they 
will he habit fornring if they are convenient to his place 
of business. In the previous section it was noted that one 
of the problems associated, with continuing education 
was the motivation of the engineering manager and the 
engineers themselves to participate. Only those multi- 
media programs which can overcome some of these 
problems will succeed. 

What is a multi -media program? Some people would 
consider a text book a media based instructional tool ' 
which is very inexpensive,. However, the 1970's has up- 
graded the electronic modes, and most people learn a 
great deal by being able to see as well as hear the infor- 
mation. Among educational psychologists it has been 
known for some time that people learn better by using 
more than one sense for any particular learning experi- 
ence. A multi-media package properly designed can 
expedite^ this result very cost effectively. 

What is a good multi-media package? One that.is effi- 
cient and attractive to an adult has several characteristics. 
They must of course include the three Ts: Information, 
Instruction and Inspirati'on as part of theirKievelopment. 
They also must be, designed properiy to be accepted as 
fulfilling the adult learning process. Facets of the learn- 
ing process are shown below. 



They must have the willingness and desire to learn. 
Adults learn only when they feel a need to learn as 

proved *by Houle and Knowles. * 
Xdults learn by doing. • 
Adults learn by solving realistic problems. 
Adults have had previous experience which affects 

their learning. 
Adults learn best in an informal environment. 
Adults respond to a variety of teaching methods 
and not just a single media teclfiique. 

8. Adults want guidance and not grades. 

9. ^Adults want to be treated as adults. 



. Thus, anyone who is attempting to put together a 
mutti-media course or program must take these charac- 



teristic* into consideration if the program is to be 'suc- - 
cessful. Many current multi-media presentations do not. 

VVhen one looks at the work day of a typjcal scientist ^ 
or engineer, he finds that it can be broken d/)wn,inlo the 
following: 



.Activity 
Sleeping 

Bathing and Grooming 
Eating 

Traveling to Work 
Working ' 
Personal Time 



Time (Hrs.) 

8 

1 

3 

1 

8 

2. 

24 



The above table is important in analyzing multi-media 
techniques because, unless the employer is willing to use 
some of the eight hours of the working day an individual 
has only thfee hours to do everything he would like to do 
(including continuing his education). This is a minimum 
time each day for this important activity. 
' When designing a multi-media program the director- 
producer must continually worry about the educational 
pedagogy reqiHrements of adult learning which include 
visual contact, flexibility with visual aid projection and 
object presentation, and also provide an opportunity to 
recall the information that theoretically was learned. 

The most commdhly used multi-media techniques in 
programs for engineers and scientists today include the 
following: 
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Media Used 


Knowledgeable 




Contact Person \vith 




Practical Experience y 


Electrowriter 


William 0*Brien 




Princeton University 




(also Stanford, Wisconsin) 


•Video Tape 


Lionel Baldwin 




Colorado States 


Close Circuit TV odlid Waugh 




Uiliversity of South Carolina 

c 


ITFS 


Albert Morris 




Genesys Systems 




Kenfleth S. Down 




Stanford University , - 

• 


Computer 


Donald Bitzer 


Assisted 


University of Illinois 


Instruction 




Satellites 


Lawrence P. Grayson " 




National Institute of Education 


Dial-A-Tape 


Medical School 




University of Wisconsin 


Self-Paced 


James Stice 


Instruction 


University of Texas, Austin 
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Telephone John KIu^j 

University of Wisconsin 

Audio Cassettes William Ledgerwood 

Exxon Corp., Houston. Texas 

Cable TV Henry Cauthen 

^ South Carolina ^V^^ ' 

Columbia, S: C. 

\» 

Radio University of Wisconsin *^ 

The people listed above are known by this author, and* 
whose judgment about the pros and cons of the 
techniques he trusts. There'are other "Experts** i^each 
area, however. As can t|e seen-by the list of programs 
that are available for using mulU-media techniques in the 
appendix, a variety of these formats are used. You will 
also notice that some of these programs contain different 
kinds of media to convey the cognitives It is important 
in developing any media based package 6f learning that 
different techniques be used throughout the program to 
assure maximum retention by (he participant. ; 

The most important problems associated with the de- 
velopment of multi7me.dia. programs are: 

l". The needs assessment for the proposed .participant., 

2. The programming. . ' ' 

3. Evaluative techniques. 

It is wise for tjxc developer of any multi-media package 
to remember the old adage '^better equipm^it does not 
' neeessanly mean better programing*', and that content 6f 
the program is what most professional engineers and sci- 
entists are interested in leamio^ We miiit not lose sight 
of the learner's objectives, and must utilize his available 
minimum time efficiently. 

Present variables of most programs' utilizing live in- 
straction could be summarized as follows 

Teacher Centered— Formal 

Degree Oriented — Primary emphasis ' . 
Evdnings or weekend formats**^ 

S-ome^non-degree — time and location vary 
* 'travel involved.for participant. 

• Established curriculum- 



repeated ta^^jj^car 



ERLC 



Classroom Setti^j^^ome Audio Visual Aid . 
Use (Usually Poor) ^ ^ , - 

. University Developed Courses * 

University Faculty as' Teachers usually . 
programs intermittent * ' • 

The above characteristics, are in conflict with many of the 
adult Icaiming characteristics mentioned earlier. 

The characteristics 9f a^ good multi-inedia. program 
ihatcould })e usfed many times at locations' throughout the 
nation would .include: \ . * - 
, Individual Oriented — learner centered information 



2. Degree or non-degree Orientation — the time and 
* . , location of presentation at convenience pf the 

' learner 

3. ^Although they may use^the present curriculum of 

colleges or universities, the modules developed ' 
can be based on the education and skill needed 
by the participant 

4. The learning packages are flexible and have a vari- 

ety of delivery modes and supplementary teach- 
ing aids ' * . ' 

5. They are usually a joint university-industry pro- 

gram, jointly developed because they can or 
' ^ must be sold to*industry 

6. They are developed strictly for the working profes- 

sional engineer or scientist . * , 

7 . They can be used contiriually^ at any location for the 

professional development throughout the life ; 
time career of the engineer or scientist ^ 
' 8. The programsx:an be reviewed l?y the individual as 
often as needed to get the information required 
by. the participant at any.giyen time, and for 
varying purposes. 

CONSIDERATIONS R^UIRED IN 
PLANNING AN EDUCATION DELIVERY 

-SYSTEM ^ 

In designing a multi-media educational delivery sys- 
tem, several items must be considered. They includer 

1 . A very "^detailed cdtsideration of the market and 

how to dichotomize it geographically. 

2. The delivery system must be comfortable, to the 

participants, those who developed the program, 
and the sponsors. ^ ^ * 

3 . The texts should not be overiooked and should play 

a part in the program. This author has found that 
supplementary workbook materials containing 
all the visuals and supplementary material en- 
hance a good multi-media program immensely. 
. ' 4, The capitol and investitient cost to start a p^cular 
program are paramount. This probably is the 
biggest problem facing the development of more 

• ' multi-media packages today. 

5*. Logistics of delivering materials are tremendous, 
' and the cost of using tejlephone lines and mailing 

* of materials are factors that are often overlooked 
in the development of efficient systems. 

6. Whatever system is decided on must be responsive 
'to changing needs. Video tapes could 'be re'- 

placed by video disk, although this author does 
- not believe this will happen except in rare situa- 
tions for the engineering aud scientific continu- 
* • ing education programs -required in the next de- 
^ ^ cade. The market i^only rarely large'enough to 
W2ffrant the expense of making the original disk. 

7. The effectiveness of the delivery system from a 

learning opint of view fnust not be overiooked. 



Educational Systems Viewpoint Required for Multi Media Programs 




Because video tape is involved does not mean 
that one should use it as the primary delivery 
system. Audio tapes may be better, rfr perhaps a 
well-designed self-paced individualized instruc- 
tion workbook would do the job better. 
8. The reliability and timeliness of the delivery sys- 
tem must be considered. As an example, it is 
well known among educators that \n most in- 
stances black and white video tape is jusras ef- 
fective from ^ learning point of view as color. 
• HoNvever, most people are accustomed to color- 
TV for entertainment programs in their homes 
and a black and ^white tape seems inferior. ^ • 

The system must be designed to work.. Below are dia-. 
grams showing graphically hbw die system must be im,- 
plemented if it is to be effective. It should be noted here 
that if our **live lecture techniques** used m most under- 
graduate and graduate program$"^ere analyzed ih diis 
fashion, die time required for a student to receive an 
advanced degree in engineering ^r science might be read- 
ily reduced. However, most facility are comfortable widi 

. die present system, and it is well entrenched even diough 
it may be somewhat inefficient. There is a tremendous 
4*esistance to change in the academic community because 
these individuals are somewhat conservative, as pointed 
out by Mary McCauley in her article published in the 
College Industry Education Conference Proceedings in 
1976. (See bibliograjjhy). 

Any instructional rriaterials diat are developed in a 
multi-media program must clearly state die instructional / 
objectives, ffave practice exercises, have die capability 

' of providing feedback.to die student^ have a pre andj>6st 



test capability, and somewhere have an gttifudinal mea- 
sure of die participants*, real reactions. This is ver/ dif- 
ficult to achieve and die 'costs are often prohibitive. This 
is one of ^the reasons many of die professionally de- 
veloped materials are not being readily ^cceptwi by 
adults. It is worth noting here however, diat OlHe Holt 
widi die Bell Laboratories in Piscataway, New Jersey, 
who has a group working on the evaluation of pre- 
packaged learning materials, feels very strongly diat it is 
much more economical to buy^ somewhat less expen- 
sive multi-media program package and improve it dian to 
start from scratch and develop your own. The cost factor/ 
is about a 10 to I ratio. Developing multi-media pack- 
ages is expensive and die market must exist or die pro- 
gram will not be saleable. * 

It would again be wi^e hereto reiterate die adult leiarn-. 
ing characteristics which must be acknowledged if the 
multi-media paclAges and delivery systems are tp >e 
effective. They include: 

1. The adult time, perception is different dian during 
youdi. We do not teaph adult engineers and sci- 
entists^ the same way we do undergraduate and 
graduate students. The techniques of andrpgogy ^ 
must be used radier dian pedagpgy. 

2. Convenience needs of adults are very imp^tant 
and must be adhered to; time is important. 

3. There are,^ater differences in adults dian^y&udi in 
learning and motivation. 

4. Adults haVfe developed many predispositions, pre- 
conceptions and sets concerning teaming, and - 

' diey must be-taken into account in die develop- , 
ment of die programs. ^ , 
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Steps to Good Training 



DEVELOP TEST 
OF TRAINING 
EFFECTIVENESS 
(FINAL EXAM) 







1 






IS 

TRAINING 
FOR THIS 
PROBLEM ' 
WORTtffT' 




NO 




DQNT TRAIN, 


,^YES 


< 




MAKE A 
ZAPPY MOVIE 

IMCTC A n 




• DEVELOP 










TRAINING 
' OBJECTIVES 
(WITH MASTER 
■ PERFORMER) ' 









t 

OUT 


DROP 
MATERIAL 
l.GODD, 
PEOPLE 
DO^I'T KNOW 




2. UNTRAINED 


TEST 




DO KNOW 


FINAL 
ON GOOD AND 

UNTRAINED 
PET1F0RMERS 

(6 PEOPLE) 


\ 




✓ 
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REVISE 
MATERIALS 



t 



NO 



DID 
90% OF 
STUDENTS- 
PASS FINAL 
ADEQUATELY? 



-S- 



I 



DEVELOP 
'LEARNING 
MATERIALS 



\ 



TEST ON 

1 or 2 
PEdPLE 



VALIDATE 
' ON REPRE- 
SENTATIVE 
POPULATION 



NO 



ARRANGE 

FIELD 
SUPPORT 



• MANY 

REVISIONS 

REQUIRED? 



YES 



REVISE 
MATERIALS 



YES 



PACKAGE 
AND 
DISTRIBUTE 
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5. Adults have'a much higher self-perception than 'do 

^ young people. 

6. The persistence of an adult is different and is gen- 

erally much longer than youth because they want 
to learn more rapidly the particular topic they 
have enrolled in. 

In developing the educational delivery sysl^m^-the 
adult learner (engineer/scientists) must be taken into 
consideration in developing the educational process. It is 
important for the producer-developer to realize that: 

1. The adult is anxipus and wants to make sure he gels 

the information he needs as quickly as possible. ^ 

2. 'fte adult is usually a much belter goal setter than 

is* the younger student. 

3. The adults also 'want to know what their goals 

should be; therefore, the behavioral objectives 
and results of the program must be spelled out in 
some detail. « 

4 . The adult begins to learn immediately because he is 

highly motivated to 'get the job done. 

5. Again, it is wise to remember that the adult persists 

longer than the young student. 

6. An adult is usually well aware of whether or not he ^ 

is reaching his own individual goals, and will not 
. . tolerate inefficient, time consuming, learning 
techniques. As every continuing education direc- 
tor knows adults vote with their 'Teet*\ As a 
result multi-media programs must be planned to 
have active participation. 

7. » Allow for individualization of instruction, be prob- 

lem centered, be relevant to life and meaningful . 
to the participant's present employment, and as, 
he grows older he will want to be responsible for 
his own learning because of his mature self- 
assessment capabilities. 

Debvery System Factors to be Considered 

< » 
Primary Comparative Costs to Other Systems 
Convenience for the Participant 
Existinglrcarner Motivation '"^ • 

Secondary Convenience for the Instructor 
FleCiSility for Changing 

Infetniction Content 
Course Program Content ^ 

When all costs of an educational system are considered 
(i.e,: travel, time away from work, tuition, etc.) multi- 
n^edia programs becope highly cost effective, especially 
if the teaching expertise is not readily available locally. 
Certainly the advantages of multi-media materials are ^ 
^ somewhat obvious, hut probably should be stated briefly 
, again. Most media presentations allow for short sessions 
and the participant can sefect the time in which he can 
participate in*the educational program. And last but not 
least, participants can set their own pace. Additionally, 
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the maleria^can be reviewed four or five times to in- 
crease comprehension and to take into consideration the 
individualized differences in learning rates. ' 

* 

WHAT SYSTEMS ARE IN COMMON ^ 
USE? 

Introduction 

There are currently a variety of multi-media systems 
being used at all levels of education. It is obvious that 
many of these techniques have had successes and fail- 
ures, but one characteristic of all of thenx is that they are 
growing in use. It is tfue that some of them are progress- 
ing slower than others, but it is important for the reader 
to realize that a generation of Americans is gro^^ing up irr 
the electronics age and will accept new methods of in- 
. struclion much more readily than the older generations 
who are in the power structure today. It is very difficult, 
if not impossible, for a detailed discussion of each of 
these techniques to be comprehensive in such a short- 
lime frame, but it is hoped that each technique can be 
highlighted. 

Video fape/Cassettes/Videodisks 

Video Tape,4Cassettes, and Videodisks provide an in- 
dependent and flexible time table for the program par- 
ticipant to receive further education. Not-only is it time 
flexiljle, but it allows the participant to have such pos- 
sibilities as motion, synchronized rewind without losing 
the audio and visual portion of the learning experience, 
but afso the capability of using the original tape re- 
peatedly for other kinds of programs, reducing library , 
storage costs and large inventories of tapes for the indi- 
vidual user. Each can be shipped throughout the country 
in a relatively short time span and is easy to obtain. One 
need only recall the acceptance, level of this ty^e of for- 
mat, as it progressed from reel-to-reel tolape cassette, to 
realize the potential it has for common everyday usage. 
•The recent announcement by RCA and others of the 
2-hour and 4-hour video^'tape cassette machines will en- 
hance their use even further. The versatility of tflis type * 
of material wiUl>e very ev'ident. The author has, himself, 
purchased a recording unit, for his owp personal use^at 
home so that movies, news programs, and otheij pro- 
gramming of personal interest can be taped while not in 
the confines of his home, and the tape stock used again 
later. As time goes on, this will become more prevalent 
and will cause all kinds of enforcement problems, such 
as copyright and reproducing of material for local 
distribution. These^social and legal problems, however, 
may be wprked out progressively if educators can learn 
^how to develop supplemental^ systems enabling interac- 
tive conununication between instructor and participant. 
Additionally, this author has'found that in small groups it 
is a very effective teaching tool. It is important for all ^ 
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educators to realize that the practicing en^neer/scientist.^ 
does not need to know everything about a particular sub- 
ject, but is only interested in specific aspects of the prob- 
lem. Therefore, it can be used as a facilitative device. 

Closed Wult TV/ITFS/Cable TV 

Many closed circuit TV and ITF Systems have been 
developed in industry and universities throughout the 
country. Great promise was held for such approaches, 
but the major interest at the university .lev el has been for 
credit and degrees; developing goal-oriented programs. 
Cable TV probably has a great opportunity for the dis- 
seminaflBn of formally structured continuing education 
programs for those whose time js- unstructured enough to 
allow their panicipation as pan of a rather large group. 
Although cable TV has the possibilities of providing con- 
tinuing education programs, it has not been as successful 
as closed circuit TV and ITFS Systems This should 
change, however, as enrollments decrease and Univer- 
sities try to increase their eifrollAients with housewives 
and retirees, and if they begin to see their role as know- 
ledge disseminators rather than strictly entertainment 
This will require a great deal of rei-evaluation by the 
managers of cable TV networks and the universitie's 

Satellites 

The satellite is|a futuristic type disseminator of infor-* 
mation which cafi cait across state linens and not only 
enable? regionaU televised educational programs to be ' 
delivered, but has the possibility for a national.impact. 
Hopefully, it can t)e operated 24 hours a day and act as a 
delivery system, iitilizing video tape cassette playback 
units scattered around the country to deliver educational 
programs on a nonj-real time basis. It is conceivable that 
the large companies, in conjunction with consortia of 
univeVsilies, will form a viable combination to dissemi- 
nate technical information to ; 'pockets of engineers** 
scattered throughout the country where the need to know 
a particular subject is evident The author visualizes a 
satellite ^s,having the capability of disseminating infor-. 
^mation about a "new technological breakthrough** in a 
short time framp to air of industry and universities 
throughout the country. One good example of this would 
have been the prolif^eration of the need-to-know about 
micro-processors and mini-computepf whith has been 
thrust upon us in the last 18 monthV. With the proper 
satellite system, the latest information about micro- 
processors could be developed by a national scientific 
educational center and distributed in all parts of the coun- 
try withinfi 30-day time period, facilitating instniction in 
the theory and use of these important electronic devices. 
Currently, I believe the most popular electrical engineer- 
ing <:ontinuing education j)rograms in the country are 
one-, two-, and three-dny micro-processor^ courses. 
Satellites wouW enable, this job to be done on an interna- 
tional scale at much less cost. 



Computers '-^ 

The compmter will serve as an evpn greater educational 
tool in thp near future. Not only wilhit be an effective 
means to interact with participants to enable them to 
interact with different industry and university branches in 
a sdlf-paced instructional mode,!but it will also enable us 
to control the learning system for any particular learner. 
Tl^e Plato system and the Mid-e system s*eem to be the 
best examples. V this <o date, with the former becoming 
the more recogmied\ success. By con^olling learning 
speed, the teacher will be better able to determine what 
the needs are and the progress being made by the learner 
as he goes throu^^ a particular program. This is becont- 
ing more and more a necessity, as the technology 
changes at such a rate that we must keep up with where 
the individuat stajids at any point in his (career. 

Electrowriter ^ ^ 

Th&?electrownter IS a device which enables the teacher 
not only to be seen but heard at a distance from the 

• source of instruction, using telephone cormections.-This 
technique is beinrg used in many auto plants to keep track 
of production scheduling at several locations^assuring 
that proper stock is availabJiCfas needed. Stfccess has 
been effected using this technique at Stanford, Princeton, 
and the University of Wisconsin, but has not had as 
much impact in other areas because of it5 cost. The utili- 
zation of commercial telephone lines, video tape and 
closed circuit TV has replaced this mode of instruction 
because of the **jerky motion*' that usually accompanies 
the technique. 

Telephone 

The telephone has-not h^d the impact that jt probably 
should have in* education over the past decade^ although 
several networks have been very successful, in p^cular 
at the' University oT Wisconsin which offers various 
forms of pi'ograms for bo^ credit and non-credit recogni- 
tion. It has the advantage of being real time and allows 
feedback from the participants with the insffQctor very 
quickly, although^the major disadvantage is the inability 
to transmit any photographs and other visual aids^lhat the 
instructor may deem pertinent. From this standpoint the 

* electrowriter previously mentioned has good potential to 
transmit graphs and chafts to be drawn by the instructor 

^as he works through the formal instruction-. 

V 

Audio Tape Cassettes 

Audio Tape Cassettes have proven successful for vari- 
ous kinds of media where only the senSe of sound was 
important to the learning process-. People are abk to 
listen to audio tape cassettes a? they drive in a car, or 
while doing other rote tasks. When used in conjunction 
with slides, it is a very effective learning technique, as it 
^ allows one more of the senses to b^^used. Many busines- 
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scs develop many kinds of machines which synchronize 
audio tapes to. slide presentations. The one major fault 
with these approaches howev.er, is that when one at- 
tempts to synchronize the slides with the'audio tape there 
is an initial capital cost^ since compatible standardization 
has not as yet taken place, • 

Audio tape/slide programs have been used extensively 
and effectively in the oil industry. Training directors 
have found them very, useful because of the world wi^ie 
distribution of their engineers and scientists and their 
need to know information about specific operations. It is 
quite effective for individual instruction berflTse tape 
recorders- and 35mm projectors are common place and 
the programs are very cost effective to produce. 

Itadio 

Radio never achieyed its potential because it was pre- « 
empted by TV. However, radio probably is the most 
economical method for transmitting current educational 
information to remote areas, and has found wide 
applicabilityMn me.dical continuing education instruction 
in New York, State, North Carolina, Utah, California. 
Wisconsin, and Ohio, where the best educational radio 
operations exist tb^ay. 



THE FUTURE OF SUCH SYSTEMS > 

1 believe it is safe to s^y tha't technology disseminated 
by electronic media pan and is making significant con- 
tributions to the future of continuing education. Over the 
past decade we have witnessed many isolated examples 
of how TV, computers, electrowriter.'an^ other systems 
have been us^d effectively to solve problems confronting 
producers and users of instruction. This trend will con- 
-tinue and will enable highef education to better meet its 
goals and objectives for a teehjiically based spciety. I 
personally feel that 'a recent ayticl^ by Martin N. 
McCartney entitled '*The Future Revised" in the Wall 
Street Journal of Apnl 8, 1976 sums it up best. He indi- 
cated the educational trends as follows: 

1. Increasing the demand for continuing education. 

2 Flexibility in the content and structure of educa- 

tion. 

3. More uses of the computer in education. . 
. 4. The use of video disks 

5. More use of communication techniques and 

multi-media programs. 

6. The need for productivity is increasing 

• 7. Alore use of low cost open modes in education. 

8. The growth of learning, centers. 
, 9. Weekend colleges patterned after Mid-America 
* \ ' Unrversity, sponsored by NIE. 

10. More emphasis on the development of values.' 

11. More use of video packaged instruction. 

12. Increased use of testing and a trend toward criter- 
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• ion referenced testing based on specific objec- 
tives. 

13. Increased studenf expertise in computers and per- 

sonal portable calculators. 

14. The price of mini-computers dropping from 

110,000.00 to $1,000.00 -over, the next 15 
years! 

How soon these trends will become fact will be deter- 
mined by the ingenuity and innovation of the people in 
the power structure in our educational esUblishment. 

1 believe it will come about in The near future whether 
through government support, or from the civilian^oper- 
ated economy. The speed will be determined by the de- 
mand, aSid the neeci-to-Rnow. 



PROBLEMS ASSOCIATED WITH MUL- ' 
TIMEDIA IVVCKAGE DEVELOPMENT 

The problems associated with multi-media packaged 
learning are many, especially for engineers and Scientific * 
personnel because of the rapidly changing technology. 
Anyone who has attempted to put together a program 
realizes that the number qf potential 4)articipants is small 
and their geographical distribution is relatively laFge 
compared 'to other participants in education. Jhe 
heterogeneity of the participant population is ofcvious 
' and a greater number of packages must be made availa- 
ble than woul<ii^ necessary if one used the itiore tradi- ♦ 
tional modes. InSfldition, the support personnel needed^ 
for proper instructional feedback and course n:ianage- 
ment is great and must be taken \\jtto consideratiorv. The 
rate of change of technological information is so rapid 
that care must be exercised in putting only those pro- 
grams into media-based instructional modes that have a 
payoff life expectancy. , 

A. Developnient of Materials 

The development pf instructional materials that go into 
the proposed media package, is probably the most critical 
problem facing an institution«jonce it decides to develop 
some media based programming. The problem basically^ 
*is Inaking the necessary need assessmejits of industry and 
the individual engineer on what they would like to 
purchase^ and view foi; their professional development. 
Many programs are put together without this needs as-^ 
sessment resulting in programs that do not have a suffi- 
cient market app.eal to sell. This^ critical becTause most , 
of these programs have to pay for themselves and the life 
of the m'aterials may be too short to recoup th^nitial 
capital investment. ' 

When developing a program for a field such as elec- 
tronics, one is faced mih a tremendous diversity,of needs 
even within a given specialty of electronics^. For 
^example, if one decided to put together a program oh 
micro-processprs, it becomes important to know whether 
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or not you are going to make just a survey program or 
whether you are going to go into the deep technical de- 
tails of the Intell 80-80 or the Motorola 6800 system. 
► This requires a great deaf of judgment on wKat equip- 
ment IS currently available in industry an<| being used 
The univfersity then is in a dilemma since their goals and 
objectives are much broader than any indi^dual entre- 
preneur and they are open to cnticism if they develop 
materials which '^sells' ,one particular product pver 
another. This doTsn't bother the engineer since he is just 
interested in learning more about the matenals he is 
working with, but it causes a great deal of difficulty 
within the academic community on what the goals and ^ 
objectives of the institution should be. ? 

Another important problem in the development of ^ 
matenals is the selection of the instructor who will put 
the matenals on the media based package. Most college 
^ professors are not familiar with^ developing programs in 

* thi^ format. They have beeli very successful at thje typical 
stand up lecture format with a group of students in front 
of them. The instructionahmatenal people required to put 
together a -multi-media package have much different 
charactenstics^ This author has found that approximately 
one out of severTTSculty members can easily make the 
transiticJn to change their teachmg styt^m developing 
media based programs. It's not an easy task. Many 
multi-media packages have been put together utilizing 
professional actors or speakers^ once it has-been dc;^' 

* veloped .the RCA expenence has shown, however, tKat 
engineers and scieotists would much' rather listen to 
**real live working engineer /sdentist types" than they 

* would hearing afirofessional speaker/actor resting from 
•a script. Therefore /instructor selection ts very impor- 

tant. 

When any multi-media, package is put together, the 
'.evaluation of that package becomes paramount. This is a 
crftefria, which although used in typical gr^ate and un- 
dergraduate programming dqne in universities by tests 
and exams» is much more critical with media based in- 
struction. Tapes can be viewed several times andpeopler-- 
not fajpiliar with the subject matter will be in the evalu- 
^ ation process 'to determine whether they should be purcH- 
. ased or leased. The present curriculum is evaluated not 
necessarily by each indi'vicfuaUourse bat ratherl combi- 
nation of courses which las| oVer d period of faur years 
and tJ^^ the student evaluated on what they can do upon 
graduation. The' multi-media package, however, .must 
stand alone and must evideh^'e a change in behavior im-. 
mediately. This" is a very difficiUt task to achieve anci 
subje^ the multi-media package to close scrutiny by 
' many individuals. Much more research is required^in this 
area. ' v. 

B, Marketing^of Mateii^als 

The marketiTig of multi-media packages is very impor>- 
tant and is critical for the survival of.iany multi-media 
development program at a university or by a business 



venture. Such-questions as. What is the market?, How da 
we find the person in a particular industry to speak for 
that industry to detetmine* program content?^ and What 
are their needs"' need to be answered This is a problem 
which needs much more research ana techniques must be 
developeci to. successfully resolve this problem • 

The "up-front" costs in dev^lopmg a multi;media 
package are quite large If one does not know tlie market, 
this can be lost very rapidly. Continuing education direc- 
•tors who utilize short courses, institutes, and workshops 
have found that they, too, mu# develop some marketing 
skills, but they need not be as sophisticated as the ones 
require^ for the development of multi-media packages. : 
This probably is one of the biggest deterrents to 
srties to develop rHore video tape ppograniming. Tney 
<jusl^do not have the $15,000*00 tp $20,000 00 tqput into 
programs, hoping for a returft on the investment oveta 
penod of three to five years The idea of consortia, as 
suggested by AMCEE, is one possible solution to this 
problem. Together the consortia majc be able to develop 
.programs to cover these initial costs and still allow the 
program to be given at a price that can be afforded by 
small and medium size companies. 

ln\he marketing of materials on a national scale, many 
colleges and universities find themselves in conflict with 
the goals and objectives of the university. Many univer- 
sities are committed to' serving local clientele in a par- 
ticular region: Multi-media package development, 
however, assumes that a great number of people can u^ 
the same materials, and the universities begin to cross 
into other peoples "turf" This means that^^ny prob- 
lems have-to be worked out with various institutions to 
get their cooperation AMCEE is probably the one or- 
ganization^ that has been able to acc^plish this on a 
< national, scale io (kte. ' " '^^ 



Overcorninrg 
echniques 



Opposition^ to 



New 



'Overcoming opposition to using new techniques' of' 
-teaching is also verj^ critical^* The "not'inVented here** 
syndrome, our faculty is better'th^n yx>ur faculty, and '^t 
can do it better, are ^ome of the»most impqmMproblems 
that must be overcome. With the propfec||pection of 
teaching materials as well as subject matter,' this can be 
" minimized if ihe-faculty involved do not have-the skills 
-which jexist in ^ther groups.^ With the diversified industry 
'•in* this country, it becomes^.apparent that all universities 
cannot be all things to all people. Therefore, wifh the 
' exchange of muUi-rtiedia packages, a servfce'can berea- 
dered to local indufftry by institution's that do not have 
-particular expertise. Not only do the,Yaculty express op-^ . 
position to trying new techniques which are up^ual to 
them, the poteiUial'particiR^ts, and tKe^peoplj who are 
. in the power structure wfio can sign off for purchase 
requisitions for lease or pur'^hase of thei^iaterials have a ' 
probTem. They have come up througt an ed^Kfational 
system which has^not used these new tecViqties and they 
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are leary of whether or not anyone can learn in this 
fashion. Everyone kno.ws this is contrary to the pubhshed 
r^arch but it' still probably is the biggest single factor 
against their wide spread use. * 

Another problem whic]i' opposes the use of ^tjiese 
techniques is in the whole area of copyright, who owns 
the tape, and who receives the payment for their use. 
This author believes that these problems are superficial, 
are really of an administrative nature, and can be solved 

^ rather easily. The best way to (Jo this is to offer royalties 
to people who have put them together and, as many 
industry people already know, a fair and equitable share 

-of the cost' and profits can be gotten J)y all parties con- 

..cerned. ^ • - 

t Of even mor^concgm to ^culty members, however, 
is how long can these*<flrious educational programs be 
used-before new techniques in tlje rrel(}^make<he tape 
somewhat obsolete. It rec^ires someone to make a judg- 
ment however. The administrator is trying to get his 
remrn on hi? investment backus qulckJ/as possible anrf 
the professor certainly does not want to be' shown on the 
tape as not knowing the latest ti^chniques. This problem, 
isJbeing worked on by y^uious' organizations and should 
bie solved in most people's minds m the next two to three 
years. ' - " ' ' 

Discussion of problems associated with multi-media 
packaged development would not be complete, howeyer, 

^ if a comment was not made about the reward structure in 
most institutions. The rewards in most educational in- 
stitutions are for research and publishing, and to date 
most of the jnulti-m'edia package development has' not 
been one of the criteria used by most universities for the 
faculty in their quest to secure tenure and promotion. 
Until this is worked out in the whole field of a reward 
structure, little will b^ done from the educational institH- ^ 
tion viewpoint. / 



SUMMARY 



Inihe appendix of this report can be found a long list^ 
of programs that have been developed by various organi-. 
zations over the past few years, and which are currently 
available from proprietary vendors as well as university 
ofg^ization^^ In a later part of this« report some of the 
more important techniques that are being used bpth in 
industry and universities will be' discussed. -The reader is 
encouraged to look at the bibliography to better under- 
^nd the scope. ' O 

INDUSTRY , ^ 

A, Growth of In-House Programs . ^ 

The,growth of in-house programs in industry over the 
past decade has been quite substantial , particularly in the 
large industries. There are man^pp^ns for this but mSst 



large irfdustnes are beginning to realize the need for con- 
stant updating of technical people in' their organization 
and to help lower their resistance to change in an ever 
changing technological society. 

The industry in-house programs^are very well defined 
because it has become obvious to the people within the 
industry what thejr educational problems 'really are^if 
people ar^ not working efficiently and with^ncreased 
productivity Education will not solve all of the problems 
that industry faces with the new technology but it is a 
placebo start. The in-house education programs are usu- 
ally higRly successful for a variety of reasons. • 

1. The'needs of the erpployees are very^well defined 
from an educational point of view, and the in-* 
Justry, does not have to worry about the overall 
education of the person. They just*^ero in oh the 
educational needs for the moment and develop a 
program that will meet these objectives rather 
quickly.^ 

2 There are no prerequsites for any courses that the 
industry develops. They give the programs to 
people who* have a need to^know and do not 
worry about upgrading those pepple who 
perhaps could do the job if some prerequisites 
were taken firsts 

3. Industry does not differentiate between employees. 

If the technologist needs to .know something 
about differential equations] they are .in the same' 
classes as the'engineers who need to know sonje-s 
thing about differential equations. It is some- 
times hard for academic personnel to realize that 
industry is interested in solving the problem and 
are not worried about degrees, accreditation of 
their prbgrams or worry about the validity of 
their graduates. If the graduates can do the job 
upon completion of the course it is good enough. 
They do not worry about many of the other de- 
tails that they hope the univ«t^ities do to msSti- 
tain tllbir accreditation. 

4. hidustry is interested in training4he largest number 

of people for the lowest possible cost in those 
' areas of expertise that are needed in their own 
organization^hey can educate a larger number 
of people with the same? dollars it costs them to . 
send a few peopte to special short courses and 
other programs within the university. Once these 
people r^um to the work enviromnent they 
oQen cannot communicate effectively with the 
people who did not attend the educational pro-^ 
' gram. Thus in-house programs have a grort deal^ 
^ "^of appeal to them. 

5. Participation in in-hpuse programs solves one of 

the majokstumbling blocks to university pro- 
grams: personal motivation. If the chief engineer ' 
and plant, manager give an impre^ion of being 
interested in pepple participating in education 
employees participate. It is as sim|^ as that. By 
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presenting programs m-house after hours, lunch 
hoiflrs, or even during some part of the workday, 
people are motivated to partrcipate because they 
do n©i have -any travel time, it does not cost 
them anytYiing, and it does not inffinge upon 
their free tirhe as much as the university program 
does.- 

6. The programs that are developed in most in -house 

situations are centered around real life problems 
within <hat industry. The instructors are well 
quaiVfied and are the participants' peers who 
work with them.- They respect each others' 
judgment « and this author has found that instruc 
, tors from industry seem to talk up to the students 
rather than down to them and this is not always 
true of academic personnel. 

7. Most industry instructors for in-house programs 

have little hangup on techniques that are used for 
educating people They will use anything that 
works and thus reduee%ome of the problems that 
are associated with university education 

8. Although industry in-house programs cost a lot 

more than they are willing to admit, these costs 
can be hidden in all^ kinds of budgets within an 
industrial organization. A good case could be 
made that it is cheaper to send ^he individual 
than It IS to trairi him wilhin the plant, if one 
looKs at all of thexosts. This is very difficult to 
do because of existing accounting systems 

Payoff for Participation in CEE 

The payoff for participation in continuing education is 
still the biggest stumblmg block to Motivating people to 
participate. Industry does not promote or give pay raises 
to individuals just because they participate in continuing 
engineefring education programs. The payoff is on job 
performance during any given year If this begins to slip* 
the individual does not receive a merit increase n6r is he 
promoted. Job performance is the key to all industrial 
promotions on the average There are exceptions to this 
but people who get promoted for other reasons usually do 
not rem^n with an organization very long once they are 
**found out" 

A great deal of additional research must be done on 
determining the payoff for participation in continuing 
engineering education. There has to be some intangible 
benefit for participation in continuing.education which is 
at least evident to through self evaluation. NSF may find 
this a fertile field for future research projects. 
♦ 

C. Industry Use of Multi-Media Programs 

Industry and government have probably made the 
most efficient use of multi-media programs of any of the 
major institutions in our society. The reason is that they 
have specific requirements which are very well defined, 
indicating which Employees need a particular educational 



experience The^military has ()robably led the way in the 
development of multi-media materials to train the'ir per- 
sonnel. The major reason, o^ course, is that they encom- 
pass large numbers of people who need the same kind of 
educational or training expenence and also are widely 
dispersed, therefore, it behooves them to develop a pro- 
gram which they know will work and then distribute it 
widely to all personnel who require'that particular skill. • 

Industry has a unique problem in that they are profit 
oriented and the training dollar must come from that 
source, therefore, they are very careful to insure that'the' 
educational expenence is tHe best possible cost-effective 
method of/ getting the information across. This leads to 
difficulties at'lim^, however, since training (Jirector^ 
can develop tunnel vision and overlook the difference 
between cpgnitive and affective learning. They are 
chiefly interested in short-run objectives, and one won- 
ders why they are suiprised when employees do not grow^ 
and do not maintain their p^tofessional vitahty'as plan- 
ned. 'l believe it might be inappropriate here to discuss 
what is the engineer's job. Alden Jones has deftly de- 
fined It by stating. "The job of the engineer is to design a 
product to meet a customer's need and which could be 
manufactured at a profit." I believe this is an important 
concept to which the universities must address them- 
selves in the near future if they hope to maintain their 
viability in the continuing education market and to de- 
velop the multi-media programs required to do the job. 

Dr. Lindon Saline from General Electric has done a 
study within the company and determined the factors 
leading to improved engineering and scientific per- 
formance in'the following manner: 

80% Work Assignment 

10% Coaching and Supervision 

2% Career RIanning s 

5% Education 

2% Others. 

Although these figures are in the nature of educated 
guesses based on wide experience, they indicate to most 
engineers in what priority their efforts, should be placed 
in ordettto progress and to improve their performance. 
This means that the 5% of the effort that the engineer or 
scientist should' spend on his education must be very 
efficiently scheduled. Multi-media techniques can expe- 
dite this, therefore, the "Not invenfed heref*' syndrome 
has less effect on their planning. 

Below are jj^ted, with a brief description, some of the 
better types of programs utilizing multi-media techniques 
currently being used* in industry. The reader should 
realize that this is not an exhaustive list, but is a represen- 
tative sample of the programs which have been used - 
successfully in corjipanies throughout the United States. 

RCA 

RCA was one of the first compafties to utilize very 
extensively videotaped programs for training engineers. 
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Their unique problem required updating and maintaining 
professional technical knowledge for approximately six 
thousand engineers deployed throughout the Avorld. 
Specifically their need was to develop those programs 
that would maintoin basi'c skills so that engineers could 
be transferred from on§ related technology to another as 
it developed from research laboratories 

They decided on video tape as the best method since it 
was easily transportable and relatively easy to make. 
With a modest investment of less- than $75,000,00 for a 
three-camera, black and White TV Studio, they vyere able 
to produce a series of courses for less than $10,000 00 
each. In adciition, they were the first organization to 
pioneer the concept of a systems approach to the educa- 
tional process. Not only did they make video tapes, but a 
text book was.ass^ned for each course. A workbook was 
given to each stucKnt which contained replications of all 
the slides that were on the video tape cassettes The tape 
stopped every ten minutes, and active participation on 
the pa^ of the viewer was required m solving a problem 
which answered questions that were on the tape. Written 
assignments were given for each period to be returned to 
a central locaUon for grading and comments by a know- 
ledgeable^expert in the field Letter grades were not jgi- 
ven, but rather encouragement was indicated in the re- 
marks to motivate the participant. Quiz5^es and 
examinations were periodically placed in each of the 
programs. Although no grades were recorded nor entered 
in the personnel file, the learning experience served as a 
moiivatingjactor and enabled the participant to assess 
his^own achievements. 

It might be noted here that this particular systenx,has 
served as a model in many of the programs that have 
been developed since, and along wi^ the SUIJGE pro- 
gram at Colorado State, probably has set the pattern for 
video taped instruction "as we know it today. 

Union Carbide 

Union Carbide is another company which has utilized 
the video tape media to get information disseminated to 

.all of their plant sites. They have developed a high qual- 
ity series of video cassettes conceming energy conserva- 
tion in industry and the various machines which they use 

*in their own facilities. Thls^has been accomplished at 
very low cost compared to up^iversity type operations and 

. is quite effective. Both the FWA and Union Carbide pro- 
grams are exampleS of what can be done inexpensively, 

, with an eye on the '^bottom line" ot a budget sheet, and 
still be educationally effective. . ^ 

Sandia Laboratories 

, Sandia Laboratories probably has the best technician 
training/education program of any industry in the United 
States. They utilize study carrels, individualized instruc- 
tion video-tape, and 35mm slide and filmstrips for their 
program. They probably have pioneered in industry the 
whole concept of criterion-referenced educational en- 
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. deavor, clearly indicating the necessity of defining the 
problem and all of its constituent steps so that tke train- 
^ ing effort can be maximized Evaluation of their pro- 
graming indicates that they achieve, very dose to 100% 
competence after the training. It is important to note here 
, that the industry makes no distinction 'between the en- 
gineer, technologist or the technician, if those individu- « 
als ''have a need to know*'. 

Bell System Training Center 

The Bell System Training Center in Lisle, Illinois has 
probabjy the best system for simulation of technological 
problems of a*ny training school in the country. They are 
able to simulate technical failures in a^typical telephone 
system Engineers must be able to determine from re- 
mote locations the cause and effect of such a breakdown 
and repair it as quickly as possible to preclude the loss of 
revenue during down time. The educational staff at the 
'Bell System uses a very sophisticated technique to de- 
termine the needs and assess the program once it has 
been implemented Much could be learned from study of 
th'is system at this training center on the us^f simirtation 
of problems. This author 'has seen no o&ier location 
where more cost effective education is being performed. 

Texas Instruments * 

Texas Instruments is very deeply involved in video 
.tape instruction, especially for training ip electronic pro- 
grams. They have a very active development of video 
tape programs for their employees, and ha^^e become so 
successful that a spinoff of their business enables them to 
merchandise the material for sale in other. industries. 

Hewlett Packard 

Hewlett Packard has a series of electronic media pro- 
grams on circuitry that probably makes the best use of 
visual aids this author has seen for illustrating circuit 
diagrams and what is happening in an decd-onic circuit at 
any given time. Their overall use of visual aids is unsur- 
passed. 

Xerox Training Center ^ t 

The Xerox Training Center in Leesburg, Virginia is 
probably the most up to date and modem training center 
in the country using multi-media techniqifes. A wide 
gamut ot programs ^fas been developed 'using^audio 
-tapes, slides, individualized instruction and other 
techniques. Their video tape in-house distribution system 
at the training center is the finest in the worid. In addi- 
tion, the Xerox Corporation in Rochester has a group 
working on individualized instruction, using 35mm 
slides ♦ audio tapes and program materials that are second 
to none in quajity and versatility. 

The one characteristic of all the programs listed above 
is that the goals and objectives of all the programs de- 
veloped by industry are very well defined before they-^ 
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start to put the program together. They do not simply 
take * ^another lecture' ' and put it on-video tape. They are 
fortunate in that they know their **Audience*' quite well, 
have defined the problems, and are not interested in 
training large iiumbers of people outside their organiza- • 
tion.who may have diversifieij interests. This makes the 
job much easier and allows multi-media presentations to 

^ be used quite effectively. 

It should be noted here that industry has many non- 
degree people employed as engineers, although it would 
appear that only baccalaureate level engineers are hired 
'for such job classifications. Again, media-based training 
programs are used to update and fill in necessary 
technological information as needed. Since this has 
proved to be-a^ practical and economical solution for in- 
dustry, many of the present <^*on paper" requirements 

^ will be inevitably phased out. Additionally, many indi- 
vidyalsige not aware that present government regula- . 
tions co'^liM Equal Opportunity Employment and Af- 
firmative Acuon hiring will ultimately force Industries 
which have not already done so to drop some of the 
**paper** requirements, regardless of opinion and convic- 
tions to thh contrary. 

• WHAT THE UNIVERSITIES ARE DOING 

Over ' the past- decade, ntan5^ enpneering schools 
throughout the country have made a real feffort to try to 
bring,continuing education programs to the industries in 
their region. This has been primarily focus on the provid- 
ing of some mechanism by. which engineers in that reg- 
ion can acquire a master of science degree. Although 
most of this has been provided through off-campus pro- 
grams taught in the traditional mode, several institutions 

^ have instituted 'multi -media approaches to*help solve the 
problem. The major emphasis has been using ITFS sys- 
tems or video tape methods of instruction. The 
GENES YS system in Florida, the TA^ER system in 
Texas, the ACE system at Stanford,^ and the SURGE 
^system at Colorado State University have been the most 
predominant. These are examples with which the reader 
is most familiar. 
It is important to note that the most successful multi- 

^ media systems utilizing video tape or ITFS are those that 
have been versatile and that have fitted into the existing 



structure found in those regions. Thus w*hen the 
GENESYS system in Florida w?s designed only for ^ 
NASA, it was found that the engineering population 
could not support such a system once the Aerospace 
Industry declined in that area. 

Belpw are^examples of successful university systems 
which serve as examples only of what has been donfe. 
Many other universities have made similar efforts, .but . 
these are highlighted to illustrate the scope of 'endeavors. 

EXAMPLES OF SUCCESSFUL SYSTEMS 

A- Stanford/ACE System 

The Stanford system,' which began as^a television sys- 
tem designed to bring a masters degree capability to 
people off -campus, expanded into a format in which 
noncredit continuing education prograihs became highly 
successful and made the entire system economically feas-r 
ible. Utilizing a TV systepi with a very directional an- 
tenna system, they were able to meet the educational 
needs of an industrial community (on the west coast. 

The interesting aspect of this system (although the 
credit courses continue to be successful) is the continuing 
education aSpect of the non-credit programming. Indus- 
try has support,ed this aspect of the system quite well, 
and it continues to grow. Not only are Stanford profes- 
sors used as instructoE|, but the participants also^receive 
instruction from som6|of their colleagues who are more 
expert in are^s of industrial interest. The whole concept 
of allowing people to take courses^^ven though they do 
not have the ^^educational prerequisites" required by a 
university of the stature of Stanford, has developed in-* 
dustrial relationships with the universit>Owhich are basi- 
cally sound. " * 

Below is* a list of the enrollments and gives one a 
picture of how it continues to gro>v. The use" of ^junct 
professors has been documented recently in several jour- 
nals and verifies the experiments* made by RCA in the 
early 70's utilizing a non-instructor oriented system at 
the site where the education is received. I personally 
believe this trend will continue in other areas as ti|he 
goes on. . » 

Below are s6me statistics that the reader may find of 
interest on the Stanford TV system. 



Stanford Televised Engineeriiig Instruction PartCdpation Data 



Honors Coop Program 

(Degree Seekers) 
Non-Registered 

Option 
Television Auditors 
Total Registrations 
Number of TV Courses 
Average Per Course 
Number of Memb^ 
Companies 



1969-70 


1970-71 


1971-72 


1972-73- 


1973-74 


762 


836 


54^1 . 


562 


577 


38 


106 


66 


95 


185 


102 


, 97 


746 


1372 


1246 ' 


'901. 


1038 


1358 ' 


2029 


2008.- 


^ ^ 116 


148 


143 


145 


150 


7.8 


7.0 


9.5 


' 14.0 


13.4 


'23 


24 


26 


30 


* 36 



1974-75 
685 

1475^ 
2534 
/ 148 



1975-76' 
666 

350 

1296 
2312 
154 
15.0 



^8 



42 
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Questionnaire Distribution arid Response 


S.iudcni Category 


DistnBuiyd- ^ Retupfed 


Honors Coop Program 
Non-Regitoed Option 
Television Auditor 
Totals • 

— * 


1 00 ' . 70. 

87 ^ 41' 
463 ' '201 

312 . . 


Motivatlon^for Enrolling in a Televised Course 


Student Category 


Degree Conven- Professional 
Seeking lence Development 


Honors Coop Program 
Non- Registered Option 
Television Auditor 


33 34 11 ' 
20 - 15 _ 18 
2 31 189 


Ages of Participants 


Student Category 


Mean Median Range 


Honors Coop Program 
Non-Rfegistcred Option 
Television Auditor 


27 9 27 0 20-47 
27 1. 27 5 ^ 22-46 
38 1 36.5 * 2^-64 


* 

The Association for Continuing Education (ACE) also 
uses the system for it§ after hours programs and their 
statistics of enrollments are listed below for 1975-76. 

. k 


1975-76 


Courses Enrollments 


Stanford 

ACE ' 

1,976-77 
ACE 

T 


154 2312 ' 
78 ' ' 2483 
232 , 4795 

3366 



B. Colorado State System 

The Coloado State System, which was funded some 
time ago by NSF^ continues to set-an example of what 
can be done 'with video tape. The SURGE system, as 
envisioned by Lionel Baldwin, has been highly success- 
ful for Coloradp State University. Please note below the 
current enrollment figures on how* they are serving that 
area. : 

In addition, the Colorado State /acuity •has become 
familiar with the capabilities of such a system and has 
developed several video tape programs *that are well re- 
*ceived by industry is a very cost effective format. This 
kind of innovation is much needed in higher education 
and this author believes it will be one of the models that 
will bejollowed fw the decade aiiead with some modifi- 
cations. The concept of enabling an engineer to ac- 
complish his entire program utilizing video tape at a site 
^remote from campus is intriguing not only to the 



employer but to the participant who values th^^small 
amount of time he has available for educational and re- 
creational efforts. . * y ^ . 

A typical year of statistics using the SURGE system 
would Jesuit in the following statistics: 

40 courses/semester ^ 
35 participating locations 

SURGE adds average of 12 enrollments to average 
class of/l6 

Delivery cost per credit hour less than basic cost 
100 MS Degrees— 20 MBA a\yarded 

. C. University of Sobth Carolina System 

' ^ The University of South Carolina system uses a closed 
circuit system along with video tape, .and periodic visits- 
to the campus by the student (approximately 3 times per 
sefnester). This hybrid system was initiated because the 
plosed circuit TV system already existed in the region in 
which the University serves. The College o{>Engineering 
was able to piggyback on a system durin^e late hours , 
of the day and evening and not have totrmke the capital) 
expense of putting a system together ay utilizing live 
instruction over the closed circuit system once a wpek 
and mailing out video tapes to the individual sites around 
the state twice a week. The instruction isequally as good 
as on die campus. In fact, live lectures arfe sent out.over 
the air by an instructor who is teaching ^ clasSj^^^^m- 
pus. Botii tke Colorado State system and Soum Caro- 
lina's system utilize the concept of increasing class size 
enrollment to make graduate programming in engineer- 
ing available not only to tljeir full time students but to the 
industry serving the state. Without .both of«4iese two 

' components of the class, it is doubtful that graduate pro- 
grams would be 9^ extensive in both institutions. 

In addition to the brief descriptions of the three pro- 
gra'fhs that are in the forefront in the use of video Yn the 
universities in the country,, for engineering another 

* phenomena is beginning to^qake place which has tre- 
mendous impact for media-based instruction and espe- 
cially video. This is the formation of a consortia of the 
major schools providing yideo, material in the country as 
.described in Part D. 1 

Some statistics from the South Carolina APOGEE 
program should give the reader some insight into the 
growth of the effort over the past few years at 24 sites. 

APOGEE Enrollments 



Academic Year 

69- 70 

70- 71 • 

71- 72 

72- 73 

73- 74 

' 74-75 ' 

75- 76 

76- 77 



Enrollments 

30 
101 

^ ' 144 
215 
258 . 
* 400 
486 

470 V 
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p. AMCEE 

. The Association for Media-based Continuing Educa- 
tion for Engineers is a consortia formed by twelve charter 
member universities (o increase the national effective- 
ness of continuing education for engineers utilizing 
media-based instruction. These twelve institutions prob- 
acy produce the largest substantial percentage of all 
vi^o based off-campus instruction in ejigineering With 
these programs as a base, the member institutions hope 
to coordinate their efforts in an expanding national pro- 
gram of media-based continuing education for engineers 
' AMCEFwas formed to tryjQ solve some of theprob- 
lems listed betow: 



1. What use of the concept of consortia among uni- 

versities and colleges of engineering can be 
made that will more effectively meet the needs 
of the widely dispersed small engineering and 
technical firms around the country? 

2. What types of programs are the most successful 

for the practicing engineer? ' 

3. What formats are most efficient in teaching an 

adult originally trained in a technical field? 

4. How can engineering schoolsjmprove the pro- 

grams that currently exist and are in the plan- 
. ning stage? 

' 5. What rules should individualized instructions sys- 
tems- use to bring continuing edfication pro- 
grams to the geographically dispersed en- 
gineers? 

6. What role should media-based instruction play ini 

the continuing education efforts of- the fully 
employed engineer? 

7. What the most effective way to market continu- 

ing education programs to engineers in the 
field;* off campus? 
>8. How cost effective are programs compared to on- 

^ the-job training and job rotation? 
9. What is industry doing to promote continuing- 
education programs for their professional 
^ployees, as has been-done at RCA and other 
multi-national industries? 
10. How cap a cleairinghousfe be formed for a "one 
. stop shopping place" for industrial personnel 
people who are seekitig for programs tha| are 
currently available^ 

The members of AMCEE include the following uni- 
versities: Case Western Reserve University, Colorado 
State University;, Georgia Institute of Technology, Il- 
linois Institute of Technology, Massachp^setts Institute of 
Teclyiology, Southern Methodist University, Stanford 
University, University of Michigan, University of Min- 
nesota, University, of South Carolina, University of 
Southern California, University of California at Davis. It 
is a noD-profit organization and has added several .mem- 
bers^ to its rolls since its inception. 

Tfte whole concept is intriguing to this author because ^ 



it IS the first time that a large number of ,prestigio\is 
universities has attempted to solve their differences ah^ 
meet the needs of their graduates in a coorcjinated fash- , 
ion. Hopefully it will continue to grow and expand arid 
help answer some of the problems that are facing'^tfte 
dissemination of media-based instruction in eng^itieering. 
This is pro^bly the first start of its kind in the history of 
engineeringNphools and will serve as a model for the 
future. No one university has the manpower nor the re- 
sources to undertake such a wide distribution of pro- 
gramming , but together they may be ablfe to solve some 
of the problems that are plaguing multi -media program 
development at the universities. 



CONTINUING EDUCATION IN PROFES- 
SIONAL SOCIETIES 

In the last few years the professional societies have 
initiated many activities in the continuing education field 
for their membership. The members of the various prO; 
fessional societies have been very vocal over the past 
three years asking serious questions from^the various 
professional society staffs on what th^y are getting for 
their dues. , 

In order to help to overcome this criticism they have 
begun to offer more-member services. The continuing' 
education programs oT the various societies have thus 
increased as they perceive a problem in this area. They 
are primarily of the, live lechire variety and are given 
throughout' the country. Their biggest problem is that * 
they have a large membership scattered over a wide geo- 
graphic area. They are prime candidates for continuing 
education utilizing multi-media techniques and in par- 
ticular video-tape cassette programs. The American 
Chemical Society is already putting together video tapes 
in conjunction with MIT t^roijgh an NSF, grant. The 
Institute of Electrical and Electronic Engineers as begin- 
ning, to put together a series of video 'tapes dealing with 
microprocessors and they should be completed by early 
fall of 1977. 

The professional societies have had some experience 
with audio tape cassette programs. Societies such as the 
American Society for Training and Development, lEEE, 
American Chemical Society and others, have put' to- 
gether audio tapes of some of the main speakers at their 
various conferences. In additiiQin, several of them have^ 
tried to package and market a^idio tape cassette programs 
dealing with specific subject areas in their field of spe- 
ciality. The problem becomes, the cost to the member- 
ship. Although the membership is large, the interest in 
any one particular scientific segment is very fragmented 
and thus the cost per ta|)e is high. In most c^ses the 
individual engineer or scientists 'must individually 
purchase these items. Several companies have sub-^ 

fibed to this kind of service »and have put it in their 
ra^^, thus making it available to their employees. This 
has been a somewhatdiscouraging adventure for several 
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of the societies however, and they are constantly Toolang 
for ways of reducing costs to tht individual member. 

The latest technique that is being used by professional 
societies with some success is in trying to develop some 
rapport with the various contining education divisions of 
the engineering schools around the country. By forming 
consortia they have a marketing arm which they do not 
have to pay for in their overhead cost. In this author's 
opinion this will increase over the next decade and tl*ese 
professional societies will become co-partners with the 
universities to serve the^engineers and scientists through- 
out the country. At the present time there is ascertain 
amount of friction between the two groups, as they feel 
that each is trying to take over the entire market. This i^ ' 
an impossibility. There is more continuing education 
necessary thanihere are resources and manpower by any 
one single organization to accomplish this objective. 

Probably one of the strong points for the professional 
societies is their ability to evaluate any program. Among 
their various technical groups and organizations within 
the society they have experts that could tell the univer- 
sities whether or not the information that is being pre- - 
sented is the latest up to date material. This Js a plus 
factor and the universiues should be utilizing the profes- 
sional society more for this evaluation procedure. The 
Institute of Electrical Electronic-Engineers is trying to 
work with the Continuing Engineering Studies Division 
of the ASE&to accomplish this task. 

Multi-media package education programs have the po- 
tential of providing quality programs for the various local 
septions of any society arounji the country. Hardware 
costs for. each individual section seems to be the biggest 
sAimbling block. However, a close working relationship 
between the professional society and th^ university or 
industry in the local area could help reduce this problem. 
The mF could support experiments in this area and help 
determine if it is feasible. ^ 

^ An interesting development in continuing educaUon 
that effects the professional societies is the increasing 
emphasis placed on professionals by the various states to 
continue their education. Yhis is being accomplished by 
state legislative action and the professional groups tl\em- 
selves. A chart, published in a recent issue of the 
Chronicle of Higher Education, is attached to indicate 
the current status of such efforts. If these groups are 
moving in this direction the engineering and scientific 
socieUes must ask themselves **Can we be very far be- 
hind?''. If it comes to pass that the scientific and en- 
gineering community moves in this direction the prt)fes- • 
sional societies will play a key role. This will require 
extensive use of all multi-media techniques to dissemi- 
nate tho-informatioh. The number of instmctors required 
to do the job over a widely dispersed constituency, along 
with the cost and individual time constraints make the 
typical approifthes of workshops, seminars, etc ineffec- 
tive. 

Tnk professional societies will not be able to financ^o 
such m effort alone. Consortia will have to be formed 



between societies, between the professional society and 
universities, and between industrial employers and the 
societies. A new organizational model for continuing 
education activities will be needed because of the lack of 
jfesources,'<nanpower, and time by any one of the groups 
mentioned alone. 

. EVALUATION OF MULTIMEDIA 
PACKAGES 
Introduction 

The evaluation of multi-media packages is one of the 
most "important aspects of all before the purchase of a 
multi-media prograim by any university or industry. This 
is criticalSecause of the cost and the need to satisfy the 
specific needs of the adult learner in industry. How does 
one go about it? 

- Whereas most of the evaluation of live instruction is 
s^ewhat objective (tests, quizzes, etc.) by the partici- 
pant, those who attend a multi-media package^ program 
can be viewed by many people of various disciplines and 
expertise in a subject area. The universities have had a 
long history of success in training people for industry 
utilizing the live lecture technique and as a result people 
who have graduated.from such a system know it works 
and accept the rather hazardous judgmental evaluation 
(letter grades and tests on small numbers) that most in- 
structors place on people who attend their programs. 
Multi-media package programming, however, is quite 
diffent since it can be viewed at any time at any place by 
anyone. Therefore, the evaluation instmments must be 
designed from an objective viewpoint. 'This author has 
not seen an evaluation instrument that meets this criteria 
perfectly for multi-media packages, and doesn't believe 
thpre is one which covers all programs. 

It is becoming apparent that the evaluation cannot be 
subjectively viewed for evaluation, because most* of 
these programs^e prejudged by people who may or may 
not be qualified to understand the learning characteristics 
of engineers^ and scientists. 



Instrument Becoming Available 

- 'The one company that has accomplished the most in 
' evaluating multi-media packages before purchase is Bell 
Laboratories of AT in Piscataway, New Jersey. They ». 
have developed an^evaluation instmment and field tested 
it for several years t« meet their specific needs. Although 
it is not perfect, Ms. Barbara Bauer and her colleagues 
have designed ^nfinstrument whic^ enables the 
fabbratories to mix the packaged pro|rams it purchases 
with those they themselves devise. This document will 
be made available to the public through trte American 
Society for Engineering Education in the Fall, 1977. In 
discussing the instmment with coljeagues in the Contiilu- - 
ing Engineering Studies Division, there seems to be ^ 
lukewarm support to such an instmmeht;4iowever, it is a - 
good starting point for one who develops his own in- 
strument to meet specific goals, objectives, and needs. 
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Stotes that Require Professipnals to Cbntinue Education 



States 


Certified Public 
• Accountants 


Dentists 


♦ 

Lawyers . 


Nursing-home 
Nurses Administrators Optometrists 


Pharmacists 


Physicians 


Real'Cstate 
Personnel 


Sociaf , 
Workers 


•Veterinarians 


Alabama ^ 
Alaska' 
Arkansas 
Arizona ' 
California 


X « 

• 

X \ 


V / 

♦X '\ 




x^ 


I * X 

• . ^ X 

- rX 


X 

X ^ 
X 


X 
X 


y 

X 
X 
X 


X 
X 




X 
X 


Colorado 

Connecticut 

Delaware 

Florida 

Georgia 


X. 

Ji - 

X • * 




X 
X 


, y 

/^ 

. • X 
X 


X 

".'V 

X 
X 


X 
X 
X 
X 
X 


X 


X 

• 

y 

< * 


X <' 


X 
X 


X 

t 

X 


Hawaii 
Idaho, t 
Illinois 
Indiana 
Iowa 


X 

I 

X * 


• 


» — 

>* 

X 




X 

X 
X 


X* 

X 
X 
X 

X . 


X ' - 




o 

,■) 




X 

• o 


Kansas^' 

Kentucky 

Louisiana 

Maine 

Maryland 


X 

Jf 

I 

. X 


X 




X 


X 
X 
X 

X • 

X 


X 

% 

X 

?4x • 


X 

X ^ 

> 

X 


X 
X 

y 

X 


X 

• 

X 


X 
X 


X . 
X 


Massachusetts 

Michigan r 
Minnesou 
Mississippi 
Missouri 


X 
X 




X 


X 


X 
X 

' X 


X 
X 
X 
X 

*x 


X 


y 

X 
X 


X 




X 
X 


Montana 
Nebraska 
Nevada 

New Hampshire 
New Jersey 


X ^ 
X* 






X 
X 


X 
X 
X 
X 
X 


" 5 • 
X 

X 

X. 

X > 


X 

X • 


y 

X 

• 

y 


X 




X • 
X 
. X 

»■ 



New Mexico x , x ' x x x 

New York * ^* y 

North Carolina X x " y * 

North Dakoto x x . x, x 

Ohio^ X X ^ X XX 



suites that' Require Professionals *To Continue Education (continued) 



States 


Certified PufiUc 
Acc6unta|\ts 


Dentists 


< 

Lawyers 


Nurses 


Nursing-home „ .^^ 
'Administrators Optomeuists Pharmacists Physifcians,^ 


I^eal-estate 
Personnel 


Soci^ 
Workil 


V^^l^narians 


Oklahoma ^ 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 


-n 

* X* 
X 

X 


X 




y 


. X 


A A 

^ ^ . y ^ 

y 

X * X 

X y ' '^., ^ ' - 

— ^» 


X 


* 


X 


South Dakota 

Tennessee 

Texas 

Utah 

Vennont 


X 

f " , 


X 


X 


y ' 

X 






*» 


X 




Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 


X 




X 
X 




X • 
X *' 
X 

* r 


X- ! X ' * 

^X , ^ ' .0 , » ' 

X* > 


X 

C 




kn — 












t 


• 




1 


y 

<> * 
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"The Catalog" edited by Prof. Lauer at the University 
of Cplorado, has also made an attempt to evaluate pro- 
grams that a«t' listed in The Catalog. They are rather 
subjective, and in many respects place the decision re- 
spoftsibility on the viewer. Thus the **eyes of the behol- 
der" syndrome again takes place. However, it is valu- 
able to the reader to look at these evaluations'to help him 
to decide on what to purchase or preview. Much tjme can 
be saved using even these beginning techniques. 



In summary, it is obvious that much morft effort and 
time must be placed on the evaluation of prepackaged 
.multirmedia programs. It is hoped that the National Sci- 
ence Foundation might lead the way in jdeveloping in- 
struments to enable the judgments to be made more ob- 
jectively. In any event, such an instrument helps the 
producer-director develop criteria for future productions 
to be made available for the market place., f 
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APPENDIX AND BIBLIOGRAPHY 



Bibliography Df Continuing Education Arti- 
cles 

Befow is a^st of the continuing education ^cles 
utilizing various aspects of multi-media packages that 
would be of interest to readers of this report. It is impor- 
tant to note th^engineering and scientific programs have 
not been widely put on vided tape or other media, al- 
though there are very isolated examples of good pro- 
grams. Much can be gained from what has been learned 
in other disciplines however, especially the elementary 
,and secondary school levels where some multi-media 



programs have been used very effectively in educating 
large numbers of students. One of the most promising 
experiments is the computer based, Plato program with 
which everyone is famili^. This has great pDtciitial if 
one considers the use of the stationary earth satellite as a 
distribution system' for Plato terminals in the major popu- 
lation areas of the United States. (See Bibliography: 
p70). 

The entire field of multi -media education is so diverse 
and 'so widespread that a coherent thesis on the subject 
will, of necessity, vbe dichotemized. 
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Below^is a list of those who are intimately associated 
-with continuing engiQcering education programs in the 
United States. This is placed in the report so that anyone 
interested -in this rapidly emerging area has an initial 
point tomrt with respect to obtaining more information 
jjbouLcurrent practices. Thfe individuals listed are mem- 
bers of the Continuing Engineering Studies Kvision of 
the American Society for Engineering Education, the 
only professional society which has a group solely de- 
voted to the continuing eiducation aspects of life long 
learning for engineers and scientists. They p^cipate in 
the College Industry Education Conference each year 
which is the one place where knowledg^ble people in all 
areas of continuing education for engineers and scientists 



can be found. I hasten to add that there may be uninten- 
tional omissions.' However, it is the most concise list that 
is currently available anywhere. It is readily apparent 
when one attends an American Society for Training and 
Development meeting, where personnel directors meet, 
there is~a noticeable lack of knowledge known concern- 
ing how scientists and engineers learn and continue their 
career development. The interest of most people in con- . 
tinuing education in incwstry , if they are personnel direc- 
toi^, seem to be in the professional develqjment of man- 
agers. This limits the knowledge of the learning diarac- 
teristics of engineers/scientists and the need for specific 
kinds of programs for their 'continuing development. 
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UW-Extcnsion (Engineering) 
432 North Lake Street ' 
Madison, Wis, 53706 

Betty Lou Bailey 

Mgr.-Mgt. Complaint Prog. Gen. 

Elce. Gas Turbi^\e Div. 

I River Road 

Schenectady, N. Y. 12345 
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Benjamin S. Blanchard 
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Rua Cacapava 21-Frente-Grajau 
Rio de Janeiro, Brazil 20,000 

Biir Cooper 

Supervisor, Technology Exten, 
Oklahoma State University 
Stillwater, Oklahoma 74074 

Robert Ij, Craig 
Director, Communications 
ASTD, Suite 400 
One Dupont Circle 
Washington, D, C. 20036 
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John T. Dygdon 
^Dir., Evening Div 
\Educ. Programs 
Illinois Instimte of Tech. 
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Univ. of Massachusetts/Amherst 

Amherst, Massachusetts 01003 

James L. Marshall ^ 
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Bell Systems Center Tech. Ed. ^ 
Lisle, Illinois 60532 

Louis Shapiro* 
Admin. Engr. Educ. 
RCA Corporation 
Cherry Hill, N. J. 08101 

Howard R. Shelton 
Super. Univ. Programs Div. 
Sandia Laboratories 
Albuquerque, N. M. ^115 

Marion L. Smith 
Assoc. Dean College vEngr. 
Ohio State *Jniv. 
Columbus, Ohio 43210 - 

*PhiUipB. Swain 
The Boeing^Co. 
P. O. Box 3707.M/S 10-12 
Seattle, Washington 98123 



Thomas F. Talbot 

Umversity of Alabama at Birmingham 
Umversity Stadon 
Birmingham, Alabama 35294 

^Dean Taylor, Jr. 
Exec. Dir. External Devel. > 
, S. Naval Postgraduate School i 
Monterey, Cal. 93940 

^'William Taylor 
/Exec. V.P. &Gen. Mgr. 
' Society Manufactunng Engrs 

Dearborn*, Michigan 48128 

Richard J. Teich 

Dir. Continuing Studies v> 
Rensselaer Polytechnic Inst 
Troy, N. Y. 12181 

John Thornbecry 
Mgr Planning & Adrnin. Tech. 
Kaiser Aluminum & Chem. 
Pleasanton, Cal. 94566 

Richard J; Ungrodt _ ' * 
VP Academic Affairs 
Milwaulcee School Engr. 
Milwaukee, Wisconsin 53201 

Charles I^. Vail 
Associate Dean College Engr. 
Georgia Institute Tech. 
Atlanta, Ga. 30332 

M. Et VanValkenburg 
Dept. Elec. Engr. 
Umversity of Illinois 
Urbana, Illinois 6180 L 

Leonard A. Vanden Boom 
Asst. to Academic V.P. * 
Milwaukee School Engr. 
Milwaukee^ Wisconsin 53201 

John R. Van Horn 
Westinghouse Electric Corp. 
Gateway Center 
Pittsbgh, Pa. 15222 

Robert W. Van Houten 
Pres. Emeritus Newark College 
Engr. 34 Addison Dr. 
Short Hills, N. J. 07078 



C-H. Vervalin 
Hydrocarbon Processing . 
Hduston, Texas 77001 

Ray ^. Wainwright^ 
Stearns-Roger, Inc 
p; O. Bdx 58^§8 

Denver, Colorado 80217 ; 

AugustusX. Walker, President . 
Effective Kesearch ,^ • 

141 West'landDr. 
Pittsburgh, Pa. 15217 

Raymond C. Watson, Jr. Pres. 
Southeastern Inst, of TeclT. 
P. O. Box 1485 
Huntsville, Alabama 35807 

Bruce D. Wedlock, Director 
Lowell Institute School 
Mass. Institute of Tech. 
Cambridge, Mass. 02139 

Joseph Weil 
- Special Asst« to President 
Florida Institute of Tech. 
Melbourne, Florida 32901 

Bob E.. White / ^ 

Dir. Off Campus Engr.>& Tech. 

Programs, Wi^tern Mich. Univ. 
Kalam^oQ, M^higari 4^1 

Lester E. White 

Cont. Ed. Dir. Ohio Univ. 

Belmont Co., Campus 

St. Qairsville, Ohio 43950 

Richard Wiegand ' 
Dir. Cont. Ed. 
/ Georgia Institute of Tech. 
AUanta, Ga. 30332 

C. Allen ^ortley 
'Asst. Prof. Univ. Wisconsin- - 
Extension; 432 N. Lakje St. 
. Madison, Wis. 53706 

William W. Wuerger 
.Assoc. Chairman Dept. Engr. 
Univ. Wisconsin-Extension 
432 N.' Lake St. 
Madison, Wis. 53706 



VIDEO PUBLISHERS 



The following list of companies are producers of video 
software for a quick reference by the r^jer. It i& dupli- 
cated from the Television Digest, Vide6 Expo Show 
, Supplement, and was taken from the new KncTwledge 
Industry Publications, Inc. report, "Video In Libraries". 



The overwHeJming majority of these producers of 
software develop materials in the soft sciences feecause 
that is where the large market exists. As the need for 
more engineering and scientific material becomes eyr- 
dent, it will also become available. 



ABC Merchamiising Inc. 
(Subsidiary of ABC) 
1330 Avenue of tfie Americas 
New York, NY 10019 



Admaster Inc. 

425 Park Avenue, South 

Ne^ York, NY 10016 



Advanced Systems Inc. 
1601 Tpnnc Road 
Elk Grove, IL,60007 



C 
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Agape Productions 
138 East 93rd Street 
New York. NY 10028 

Agency for Instructional Television 
(subsidiary of National Instructional 

p^^levision) 
BokA, IIH West 17th S&eet ^ 
Bloomington, IN 47401 

Alternate Visions; Inc. . - 
130 West 86th Street 
NeU YorlcTNY 10024 

American Cable Network Educators' 
Video Cai5fi{te Service 

• 701 S. Airport Road. Box 936 
' Traverse City, MI 49684 

American Educational Films 

132 Lasky Dr. 

Beverly Hills, CA 90212 

Americantntcrpnse Institute for 

Public Policy Research 
1150 17th Street, N.W. 
Washington, DC 20036- 

American Journal of Nursing 

Company ^ 
Educational Services Division 
10 Columbus Circle ► 
New York, NY 10019 

American Occupational Therapy 

Association 
6O00 Executive Boulevard, Suite 200 
Rockville, MD 20852 

American Physical .Therapy 

Association 
1156 15th Street, N.W. 
Wasliington, DC 20009 - 

American Video Network 

• 660 South Bonnie Brae 
Los Angeles, CA 90057 

* 

Ken Anderson Films 
Box 618, 152 East Winona Street 
Winona Lake, IN 46590 
/ 

April Video Cooperative 
Box 77, Rbute 375 
Woodstock, NY 12498 , 

• Artcom 

(division of LaRue Inc.) 
708 North Deari)om Avenue 
Chicago, IL 60610 \ 

Associated Educational Materials 

Company 
14 Glcnwood Avenue, Box 2087 
Raleigh. NC 27602 

The Athletic Institute 
200 Castle wood Drive 
North Palm Beach, PL 33408 



Audio Visual Productions 
1233 North Ashlai}d*Av&nue' 
Chicago, IL 60622 

Audiovisual Education in 
Neurosurgery 
^^15 Columbus Circle 
ew Tork, NY 10023 



A\igust Films Inct . 
321 West 44th Street' * 
New York,*NY 10036 

BNA Communications Inc. ^ », 
(subsidiary of Bureau of 

National Affairs) 
9401 DecQverlyHall Road 
Rockville; MD 20850 

Biomedical Communications ^ 
Univ. of Nebraska Medical Center 
42 and Dewey 
Omaha, NE 68105 

> 

Blue Sky ProducUons 
Box 548 

Santa Fe, NM 87501 

Borden Productions / 

Great Meadows Road, P.«0. BoX'520 

Concord, MA 01742 

Brigham Young University 
Green House 
ovo, UT 84602 



Broadman Films 
127 Ninth Avenue 
Nashville, TN 37234 

C K Communications 
551 Fifth Avenue 
New York, NY 10036 

CRM/McGraw-Hill Films 
Del Mar, CA 92014 



Career iflbfiation Center 
1944 HSfH!^ Avenue 
Salt Lake City, UT 84108 

Cambridge -Book Company 
488 Madison Avenue 
New York, MY 10022 

Center for Effective^ 
Negotiajingj^tcT 
1()686 Sojmfia Way , 
West LOs Angeles, CA 9002^4 



mber of Commeri 
U.S. ' 
' 1615 H Street, N.W. 
Washington, DC 20062, 

Chelsea House 
70 West 40th Street 
' New York, NY 10018 



of the 



Coe Film Associates 
70 East 96th Street- 
New York, NY 10028 " 

Columbia Pictures Cassettes 

71 1 Fifth Avenue' 

New York, N^ 10018 ' 

Classroom World Productions 
22 Glenwood Avenue. Box 2090 
Raleigh, NC 27602' 

Command Performance , 
• Vi4,eo Network 
(division of Educating, ' * 

Systems, Inc.)' 
320 Interstate North 
Atlanta, GA 30328 

Communications Group West 
6335 Homey/ood Avenue 
Suite 200 

Hollywood, CA 90028 

Community Development % 

Foundation 
48 Wilton Road ^ 
Westport, CT 06880 

^.Contempo Commumcat^ons Inc. 
1841 Broadway 
New York, NY 1002? 

Control Data Corporalic 

Individualized Education 

Services 

.8100 34th Avenu^ South 

Minneapolis, MN 55440 

>^ * 
Comepti5ne Productions > 

60^7^unset Boulevard 

Uite 408 

"^Hollywood, CA 90028 

Cornell University ETV 

Center 
Van Ijtensselaer Hall 
Ithaca.^NY 14850 

Counselor Films, Inc. 
2100 Locust Street , 
PhiladelfAia, PA 19103 

Creative Media ^ 
820 Keosauqua Way 
Des Moines, IA.50309 

Custom Films, Inc. 
1 1 Cob Drive * 
Westport, CT 06880 

Deltak* 

9950 W. Lawrencis Avenue 
Schiller Park, IL 60476 

Do It Now Foundation 
B8x 5 1 r5 

Phoenix, AZ 85010 
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'Lcc Dubois Company 
JBox G 

Hyannis. MA 02601 

. Education Development Center 
55 Chapel Street 
Newton. MA 02160 

Educaiional Communication 

Association 
822 National Press* Building 
Washington. DC 20045 

Edutronics Systems /* 

Intmational Inc. 
3435 Broadway * 
KansasCity. MO 64111 

Electronic Arts Intermix, Inc. 
84 Fifth Avenue 
Ne<v York. NY 10011 

Electronic University 
Box 361 

Mill Valley, CA 94^41 

Emcom, Inc. 

4000 West 76th Street 

Minneapolis, MN 55435 

Encyclopaedia Britannica ' 
. Educational Corporation ^ 
425 North Michigan Avenue 
. Oiicago, IL 60611' 

ETL, Inc . " 

1 170 Commonwealth Avenue 

Boston, MA 02134 

Exec-U-Scrvice Associates 
P. O. Box 2214 
Princeton, NJ 08540 ^ 

Executive Videoforum. Inc. 
i 200 Park Avei^e 
Suite 303 East 
New York, NY 10017 

Family Theater P¥oductions 
* 7201 Sunset Boulevard { 
Holfy wood, CA 90046 

Films, Inc. 

1 144 Wttmette Avenue 
Wilmctte, IL 60091 

Films for the Humanities, Inc. 
Box 2053 

Princeton, NJ 08540 

. . r 
Flagg Films Inc./Bandera Enterprises 
Box 1107 , . 

. Studio City. CA 91604 

Fjtfman Films ^ 
3466 21st S^eet ' 
San Francisco, CA 9411.0 



Genesys Systems Inc. 
1121 East Meadow Drive 
Palo Alto, CA 94303 

Global Village 
454 Broome Street 
New York, NY 10002 

Gratton Video Services Ltd. ^ 
711 Tl^ird Avenue 
New York, IIY 10017 

Great Plains National Instructional 

Television Library, 
Box 80669 
Lincoln, NE 68501 

Handel Film Corporation , 
8720 Sunset Boulevard 
Los Angeles, CA 90069 

Hartley ProdCCnons 
Cat Rock Road 
Cos Co>>, CT 06807 

Hewlett-Packard Company 
1819 Page Mill Road 
Palo Alto, CA 94304 

Hunter & Hunter, Inc. 

150 Fifth Avenue, Suite 1101 

New York, NY 10011 

IBM Data Processing 
. 1133 Westchester Avenue 
White Plains, NY 10604; <* 

Images 
' 4696 North Millbrook 
Fresno, CA 93726 

Indiana University 
Audio-Visu^ Center 
Bloomington, IN 47401 

Instructional Television Center 
Dallas County Community College 

District 
12800 Abrams Road 
Dallas, TX 75231 

Instrument Society of America 
400 Stan^vTx Street 
Pittsbilrgh, PA 15222 

Integrative Learning Systems Inc. 
326 West Chevy Chase Drive 
Suite 1 1 

Glendale. CaTi204 

International Communications 

Company • 
244 Thorn Street 
Sewickley,PA 15134 

International Film Bureau 
332 South Michigan Avenue 
Chicago, IL 60604 




Kaydan Records 
(division of Stacy Kcach 

Productions) ^ 
5216 Laurel Canyon Boulevard, 

North- 
Hollywood, CA 91706 

Allan Keith Productions, Inc.^ 

243 West 56th Street • 

New York, NY' 10019 , 
»♦ 

Walter J. Klein Company Ud. 
6301 Carmel Road 
• aarlotte,NC 28211 

Ub-VoltLtd. 

(subsidiary of Buck "Engineering ' 

Company Inc.) 
5368 13th Avenue 
" Rosemont, Quebec, H 1X2X8,. 
Canada * 

Lawren Productions Inc. 

Box 1542^ i ' 

Buriingame, CA 94010 

Lacy Sales Institute 
80 Unioh Street 
Boston, MA 02159 

Library Filmstri^ Center - ' 
3033 Aloma ^ 
Wichita, KS 6721 1 

J. B, Lippincott 
(Division of Higher Educatioi^) 
Eait Washington Square — ^ 
V Philadelj>hia, PA 191(^5 

\lahagcment Video Publications Ltd, 

Tc^bntd Dominfon Centre, 
Royal TVust Tower 
Twonto* Ontario, Canada 

Manpower Education Institute 
127 Easr35th Street . 
New Y(^k, NY 10016 

. Marathon International 
10 East 49th Street ^ 
New Y6rk, NY J0017 

McDonhell'Douglas Corporation 
Film and Television Communiiqations 
2525 Ocean Park Boulevard 
Santa Monica, CA 90406 

McGraw-Hill Films 
(Webster Division) 
1221 Avenue lof the Americas. 
NewYc^k. NY 10020 ' 

Meiicom, Inc.. 

2 Dag Hanunarskjold Pltza «^ 
New York, NY 10017 
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Media Arts Productions 
6501 Winchester Avenue 
Ventnor, NJ 08406 

Media One 
« 10 Otvis Drive 
Belmont, CA 94002 

Medical Electrpnic Educational 

Services Inc. 
1802 West Grani koad * 
Suite 119 

Tucson, AZ 85705 >^ 

Melody Uous^ Company 
(subsidiary of A.B. LcCrone 

Com|>aQy) 
819 N^. 92nd Street 
OkJahSiEiCity,*OK73114 

Memorex Corporation 
1200 Memorex Drive 
Sanu Clara, CA 95052 

Metropolitan Pittsburgh Public ^ ^ 
Broadcasting Inc. 
• 4802 Fifth Avenue ' ' 
Pittsburgh, PA 15213 

Milady Publishing Corporation 
3839 White Plains Road 
Bronx* NY 10467 

MIT Center for Advanced 

Engineering Study 
Room 9-232 

Massachusetts Instimte of Technology 
Cambridge, MA 02139 

Modem Media Services < 
2323 New Hyde Park Road 
New Hyde Park, NY 1 1040 

Monarch Releasing Corporation 
330 West 58th Street 
New York, NY 10019 

Monumental Films Inc. 
2160 Rockrose Avenue . 
Baltimore, MD 21211 

Motorola Teleprograms, Inc. 
4825 North Scott Street / 
Suite 26 

Schiller Park, IL 60176 

National Education Association 
(NEA) ^ 
, 1201 16th Street, N.W. 
Washington, DC 20036 

National Educational Media Inc. 
15250 Vennara Boulevard 
Sherman Oaks, CA 91403 

National Geographic Society 
17 and M Streets, N,W. 
Washington, DC 20036 



Nauman Rims Inc. * 
' Box 232 
Custer. SD ^7730 

r^braska Educational Television 
Council for Higliea- Education 
Inc. (Netche) ' 

Box 83111 

Lincoln, NE 68501 

New York State Colleges o^ 
Agriculnire & Life Sciences 
& Human Ecology Cornell 
University, Media Services 

201 Roberu Hall 

Cornell University 

Ithaca, NY 14853 

Nightingale-Conant Corporatioi(i 
6677 North Lincoln Avenue 
Chicago, IL 60645 

Northern Illinois University 
(division of Communication Services) 
Altgeld Hall, Room 116 
DcKalb, IL 60n5 

Ohio Jlistorical Society 
Ohio Historical Center 
Columbus, pH 43211 

Olympus Publishing Company 
1670 East 1300 South 
Salt Lake Ci|y,UT^84 105 

Our Sunday Visits, Inc. 
Noll Plaza 

Huntington, IN 46750 ^ 

Paoific Coast Community Video 
121 East De La Guerra Street 
Santa Barbara, CA 93101 , 

Parthenon Pictures 

2625 Temple Sffeet 

Los Angeles. CA 90026 ' • 

Perennial Education, Inc.v 
1825 Willow Road 
Northfield. IL 60093 

Pergamon Press. Inc. 
Maxwell House 
Elmsford. ^Y 10523 

Picmra Films Distribution 

Corporation ^ 
43 West 16th' Street 
New Yoric.NY 10011 

Playback Associates. Inc. 
30 Rockefeller Plaza 
New Yoric. NY 10020 

Polymorph Films Ipc. 
331 Newbury Street 
Boston. MA 02115 
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Prentice-Hall Media Inc*: 
(subsidiary of^entice-Hall. Inc.) 
^ 150 White Plains Road 
Tarrytown. NY 10591 

Professioi\^ Arts Inc. 
Box 8003 

Stanford. CA 94305 

Professional Development. Inc. 
2915 Terminal Tower 
,aeveland.OH441l3 ' 

Professional Research Inc. 
(subsidiary of American 
Medical International) 
660 Sout^ Bonnie Brae 
Los Angeles. CA 90057 

Professional Saving Instimte. Inc. 
625 North Milwaukee Street 
Milwaukce.^WI 53202 

The Public Television Library 
475 L'Enfant Plaza. S^^W. . 
Washington. DC 20024 

Purdue University . * • 

1 16 Stewart Center 
West Lafayette. IN 47907 

Purpose Film Center 
(division of Parthenon pictures) 
2625 Temple Street 
Los Angeles. CA 90026 

Pyramid Films 
Box 1048 

Santa Monica. CA 90406 

Raindance 

71 ,West Broadway 

New York. NY 10Q06 

Ramie Productions 
58 West 58th Street 
New York. NY 10019 

Ramsgate Films 
*704 Santa' Monica Boulevd 
Santa Monica. CA 90401 

Reader's Digest 
(Television Divisidfl) • . 
200 Park Avenue 
New York NY 10017 

s 

The Reading Laboratory Inc. 

55 Day Street 

South Norwalk.^ CT 06854 

RMI.Film Productions Inc. 
701 Westport Road • 
Kansas dfy. MO 64111 

S. C. Educational Television 

Commission 
2712 Millwood Avenue 
Columbia. S.C. 29205 
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Salenger Educational Media 
1635 I2thStrcct 
Sanu MolDca, CA 90404 

William Schlottmann Productions 
536 East Fifth Street 
Suite 18* 

New York, NY 10009 

Scientificom 
(division of LaRue Inc. 

CommunScations) 
708 North Dcarborft Avenue 
Chicago. IL 60610 , 

Al Sherman Films , 
Box 6. Cathedral Station 
New York.NY 10025 

Sister Kenny Institute of the 
American Rehabilitation ' 
Foundation 

1800 Chicago Avenue 

Minneapolis. MN 55404 

Sl'eeping Giant Films, Inc. 
3019 Dixwell Avenue. 
Hamden^CT 06518 

Smith-Mattingly Produc'tions, Ltd. 
310 South Fairfax Street) 
N Alexandria, VA 22314 / 

Ken Snyder' Enterprises 
2032 Alameda Padre Serra^ 
Santa Barbara, CA 93103 

Social Psychiatry Research 

Institute Inc. 
150 East 69th Street 
New York, NY 10021 

Society of Manufacturing 

Engineers 
20501 Ford Road 
Dearborn, Ml 4«218 

Society of Petroleum 
Engineers of AIME 
Public Relations EVpartmcnt 
6200 North Central Expressway' 
Dallas, TX 75206 

§outham Viodeotel Ltd. 
1450 Don Mills Road 
Don Mills, Ontario, 
Canada 

Southern Baptist Radio 

^Television Commission 
6350 West Freeway 
Fort Worth, TX 761 16 

Sterling Institute 
1600 Virginia Avenue, N.W. 
Watergate Cbnfcrcncc Center 
Washington, DC 20037 



Stockdale Corporation 
2211 West 2300 Street 
Salt Lake City, UT 841 19 / 

Martha Stuart Communications^ 

66 Bank Street 

New York, NY 10014 

Sunburst Communications 
39 Washington Avenue 
Pleasantville, NY 10570' ' 

TAD Produtct Corporation 
TAD Institute 
135 Cabot Street 
Beverly, MA 01915 

Tampa Manufacturing Institute 
619 Emerald Lane 
liolmes Beach, FL 33510' 

Teach *Em, Inc. 
625 North Michigan Avenue 
' Chicago, IL "60611 

Teletronics-International, Inc. 
231 East 55'th Street 
New York, NY 10022 

Tel-A-Train, Inc. . 
1600 East Main Sjreet 
Chattanooga, TN 37404 

Texas Instruments, Inc. 
4k 13500 North Central Expressway 
Box 5012^ 
Dallas, TX 75222 

Time-Life Films 
Multimedia Division 
100^ Eisenhower Dnve '"^ 
Paramus, NJ 07652 

Time-Life Video * 
Time & Life Building 
Rockefeller Center 
New York, NY 10020 

Total Video Library ^ 

Corporation 
^ 514 West 57th Street 
New York, NY 10019 

TVTV 
Box 48455 
Los Angel^, CA 90048 

, ' United Sutes History 
Society Inc. 
5425 Fargo , 
Skokie, IL 60076 

U.S. Navy Office of 

Information 
Production Services Division 
Pentagon^ Room 2D340 ^ 
Washington. DC 20350 
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^ United Synagogue of America 
Department of Education 
155 Fifth Avenue 
New Yoric, NY 10010 

University of Minnesota 
Audiovisual Library Service 
3300 University Avenue, S.E. 
Minneapolis, MN 55455 

University of Missouri 
Academic Support Center 
505 East Stewart Road 
I Columbia, MO 65201 

University of Texas at 
Austin 

I Petroleum Extension Services 
Box S, University Station 
Austin, TX 78712 

University of Washington 

Press 
Seattle, WA 98105 

University of Wisconsin- 
Extension 

Electronic Media Programming 
in Engineering 

432 North Lake Street 

Madison, WI 53706 

Unusual Films 

Bob Jones University 

Greenville, S.C. 29614 

Valley* Forge Films Inc. 
Box K 

Paoli,PA 19301 

G. W. Van Leer & Associates 
1850 North Fremont 
Chicago, IL 60614 

Video Tape Center of Marin 
150 East Blithedale 
MilUValley, CA 94941 

Video Tape Network 
115 East 62nd Street 
New York, NY 10012 

Videoplay Merchandising 
1512Merchandise Mart 
Chicago, IL 60654 

Visual Education Service 
• Yale Univei^ity Divinity School 
409 Prospect Street 
New Haven, CT 065 11 - 

Visual Instruction Productions 
(A dept. of Victor Kayfetz 

Productions, Inc.) 
295 West Fourth Street ^ 
New York, NY 10014 
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Vocational Films 
(DivisiSn of Tclccine Film 

Studios, Inc.) 
1 1 1 Euclid Avenue * 
Park Ridge, IL 60068 

West Vii^inia University 
Morgantown. WV 26505 

Western Instructional Television, 

Inc. ' » 
1549 North Vine Street 
Los Angeles, CA 90028 



Weston Woods Studio 
Weston, Cr 06880 

Ruih White Productions 
(Subsidiary of Rhythms Productions 

Records) 
Whitney Building, Box 34485 ^ 
Los Angeles, CA'90034 

Wilson Learning Corporation 
6950 Washington Avenue, South 
Eden Prairie, NM 552^43 



WOI-TV 

Iowa State University 

WOl Communications Cfenter 

Ames, lA 50010 

Women Make Movies, Inc. 
257 West I9di Street 
New York, NY 10011 

Xicom, Inc. ^ 
Clinton Woods 
Tuxedo, NY 10987 



List of Packaged Materials Offered for 
Sale^leaned From Material Coining 
Across a Continuing Education Directors 
Desk ^ ^ 

The following is a list of packa^ , rials 
that are offered for sale by varioi uni- 
versities throughout the country. There is nd central 
clearinghouse for this kind of information. One leaijis of 
its existence by flyers in mailings put out by each of the 
industries. As a result only those programs that have a 
large potential are produced or disseminated to the pub- 
lie. In adBition, the industrial training director is primar^ 
ily oriented towards management and supervisory train- 
ing programs because he is mostknowledgeable in this 
area. . 

• As one goes dowo^the list, it becomes obvious that 
video tape, audio-tape slide programs, filmstrips and 
I6mm film are the predominent methods of teaching a 
particular subject. Although the list contains many types 
of materia^ihat would be considered **nonengineering/ 
scientific", the reader should exercise cautioh in judging 
whether or not it is appropriate for the list, since most 
engineers begin to handle some kind of supervisory re- 
sponsibility five to tfen-^ears after completing an under- 
graduate degree. 

Probably the best list available of progi:ams that utilize 
multi-media is **The Catalog*' which is edited by Profes- 
sor Lauer from the University of Colorado. He has eval- 
uated many of the materials that have been produced by 
multi-media package and has availablc^e most up to 
dateJist. . 

It|{hould be noted in* the charts that the modules all' 



seem to use some kind of workbook or manual to help 
the viewer understand the material better. Most of the 
films and video tapes are novv^ in color to help^'satisfylhe 
n^jvcholoeical market towards color presentation. 

iT should also be ajtracted to the price of 
the individual modules or the .sets. It is 
obvious thaJ.only the large companies can afford such an 
^xtensivelibrary in any one particular field. It behooves . 
the continuing education directors of universities, and 
also of industry, to come up with different models to help 
reduce this cost sufficiently so that larger numbers of 
people can use the material. Consortia and other associa- 
tions will have to move into the field if we hope to 
expand this market to riiake it cost effective for the 
small-tp-medium size companies who have small num- 
bers of engineers working in their organizations. 

It should be noted also that there are only a few 
colleges and universities listed, since they do no| have 
the marketing cap^ibiliiy of developing and distributing* 
programs. (^wdSily consortia iike AMCEE are one way 
to g6 and should be encouraged on the national scene by 
the appropriate government agencies interested in pro- 
moting continuing education among engineers and scien- 
tists. This would help reduce the cost and get the infor- 
mation out to business and industry. This author is sur- I 
prised at the number of companies' in his state that do not 
know that this material is readily available. This is not 
surprising, however, when one begins to realize that th^ 
primary objective and goal of the engiifeering leader and 
manager in industry is to produce products and maintain " 
efficient, effective work flow. Training becomes 'very ^ 
secondary in their everyday.work situation. 
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•TOPIC 


4 

organiAtion 


TV Tape 


Audio Tape 




Supervising By Objectives 

Performance Appraisal Ins^. Kit 
George L. Morriscy 


/\QQison- wesiey ruo. 
Co., Inc. 




Yes 
Yes 


< 


Mini Management Conference 
Curtis H. Jones & Peter 
Drucker 






Yes 


\ 


Executive Writ. Speak. & Ltst. 
Skills 


/\IV1/\\^V^IV1 




Yes 


• * • 


The Selection Interview 
Raymond F. Valentine 






Yes 




Apprai&al & Career-Counseling 
Inter. 

Don Faber , 


«» 

? ' 




Yes 


* 


The Problem -Employee 
Intervies 

Glenn A. Bassett ^ 


% 

\ 




Yes 




The "Exit Interview 
, John R. Hinri^hs, Ph.D. 






Yes 




The Jnformati'on Interview 
John R. Hinrichs, Bftu. 






Yes 




Time Manageme 
Secys.^ 


nf for Mgrs. & 


American Information 
Service 








Transactional Ar 


alysis 


C^M McGraw-Hill Films 








Productivijj^ the'Self- 
FotftlTingProphecy 








JL y ^ 


Le^ership: Style or 
Circumstance? 









6 
H 

00 

p i 


Number Of 
Modules 


Manual/ 
Workbook 




12 


Yes 


















Yes 




3 > 


5.95 , 






Yes 




1 


Yes 




1 


Yes 










1 


Yes 




1 


Yes 


I 






V 


1 


Yes 


Color 






16mm 






Yes ' 






X Cs 
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\ 

Where are You? Where are You 
Gping? 


BNA Communications, 
Inc. 

, Teleometrics Int*l. 
Roundtable Films 


Yes 

i 

Yes 






/ 


16mm \ 
Super 8 

; Yes 

16mm 
8mm 


5 

• 


1 C5 


345.00 
K69.00 

75.00 

60.00 


75.00 
1-25.00 

30.00 ' 

Yes 


2,305.00 
1-480.00 

475.00 

400.00 




> 


You're Coming Along Fine 


• 


Yes 


V 






16mm* 
8mm 




Yes 


60.00 

If 


-Yes 


375.00 






^ How Good is a Good Guy*' 

( ^ 


» 


Yes 








16mm 
8mm 






55.00 


Yes 


325.00 




i 


The Ehscipline Interview ^ 


n 


Yes, 








16mm 
8mm ^ 






50.00 


Yes 


325.00 


S 




The Counsel Interview * 
The Making of a Decision 


n * f 

,4 


Yes 
Yes- 


> 






16mm 
8mm 

16mm 
8mAi 




< 


"50.00 
^60.00 


Yes 
Yes 


'325.00 
400.00 




• 

r 


The Way' I See It ^ 

r 


It 


Yes 








, 16mm 
8mm 






•55.00 


Yes 


, 325.00 






Thanks. A'plenty Boss Series 
1-The Rewards of Rewarding 


• 

• 


Yes 








16mm 
Smm 






60.00 


Yes • 


375.00 


( 




2.The Correct Way of 
Correcting 


r • 


Yes 


f 




r 


16mm 
8mm 






60.00. 


^Yes 


.375.00 




* 


Sometififig To Work For 

ICQ 

^ Management, Motivation & T^e 
1^- New Minority ^Worker - 

£^ 




Yes 
Yes 




V 




16min 
8mfl^ 

16mm 
8mm 




> 


55.00 
55.00 


Yes 
<• 

Yes 


375.00 
400.0d*y^ 

































5: 



-7 



topIc 



ThcMqilTo Work 



I'd Rattier Not ^ay 



The Engineering of Agreement 
TeU Me AlKHit Yourself 



Cbnflict 



A Case of Insubordinalion 

Overcoming Resistance to 

Is, It Always Right To Be Righ^ 

Time To Think 

Breaking! ^ Delegation 
Barrier 

If You W;uit It Done Rig^jt^^ 
Pattern for Instruction 
Critical PaA In Use 



A "Kiatter of Method 



ORGANIZATION 



Roundtable Films 



,11 
> 



Yes 
Yes 
Ye^ 
Yes 
Yes 
Yes 
Yes 
Yes 
r Yes 
Yes 
^^es 
Yes 



Yes 



Yes 



00 

= 

J E 
£•2 



z 2 



i I 



C3 


Cost ' 




Rental 


Preview 


Purchase 


50.00 


• Yes 


xy< fin 


55.00 


Yes 


400.00 


55,00 ' 


Yes 


325.00 


60.00 


Yes 


425.00 


60.00 


t 

Ye 


• 425.00 


55.00 


Yes 


350.00 


55.00 


*Yes 


350.00 


25.00 


Yes 


,175.00 


55.00 


Yes 


' 375.00 ^ 


55.00 


Yes 


350:00 


55.00 


Yes 


40d.00 


55.00 


Yes 


400.00* 


40.00 


'Yes 


200.00 


50.00 


yes 


300.00 



Miscellaneous 



16nmi 
8mm 

,16mm 
8mm 

46mm 
8mm 

16mm 
8mm 

16mm 
8mm 

16mm 
8mm ^ 

16mm 
8mm 

16mm 
8mm 

16mm 
8mm 

16mm 
8mm 

16mmi 
8mm 

16mm' 
, 8mm 

16mm 
(B&W) 
8mm 

16mm 
8mm 



^' — r^? ' 


























^ t 

TOPIC 


ORGANIZATION 


8. 


Tape 




•s 

(A 

s 

lit 


00 


o 


8 




Cost 




Miscellaneous 


TV Ta 


Audio 


Slides 


Film 


Numbc 
Modul 


Manua 
Workb 


Rental 


Preview^ 


Purchase 


Vjhie for Money 




Yes 




'-^ 




16mm 
Smm ' 






50.00 ' * 


Yes 


'300.(J0 




The Bob Kix>wlton Story 


n * 


Yes 




r 




16mm 
Smm 




• 


55.00 


Y6s 


400.00 ^ 


f 


An Extra Five Knots Series 


c 

m 


Y«s' 








16mm 
(B&W)» 

Q 

omm 


• 




lOO.QO 


30.00 

4 


,3.675.00 
'1-250.00 


■ *i 


Styles of Leadership i 


f -» . 

m 

) 


.Yes 






< 


16mm 
Smm ' 




Vcs* 


' 60.00, 


Yes 


,400.00 , 

« 


* 


* 

Manager Wanted 

• 




Yes 


» 






16mm 
onmi 






55.00 * 


Yes 


. 350.00 




Imagination At Work 


n ^ 


Yes 








16mm 
&nun 






> 50.00 


. Yes 


250.00 




^oblem Solving: So^ Basic 
mncipies 


n 


.Yes 








16mm 
Sn^m 






' 50.00 ^ 

v. 


Yes 


350.00 




Problem Solving: A Case Study 


n 


.Yes 








16mm 
Smm 




* 


50.00 


Yes 


350.00 




Meeting In Progress 


n 


Y« 








16rpm 
Smm 


/ 


Yes 


, 65.00 , 


^ Yes 


*500.00 




The Goya Effect 
The UncalcuJtfibd Risk 


n 
n 


Yes. 
Yes 








16mm 
> omm 

16mm 
Snmi 


u 


Yes 


55.00 
50.00, 


Yes 

' * Yes* 


350.00 
375.00 




The Anatomy of a Presentation 


M 


Yes 








16mm 
Smm 


s ■ ' 




^ "55.00 


^Y^ 


400.00 




Cotnmuiiicating with a Group 


Roundtabie Films 


.^Yes 








16mm 
Smm 


» 




, ' 50.00 


f Yes 


325.00 •* 


■ .is: 



TOPIC 




> 



3 
< 



Person to Person 
G)mnninica^tion 

Welcome Aboard 

National Managerial Test 
.* 

, Getting Ahead: The Road to 
Self-Developmegt 

That's Not My Job >^ 

Talkback: A Study In 
^ Copununications ^ 

A Measure of Understanding 

• ' ,^ * 

* Judging People^ . 
Listening 

The Telephone at Work 

Who Killed the Sale? 
V . " . 

Letter Writing at Woric - 
Writing tetters That Got Results 



ERIC 4-^*". 



Filmstnp 


00 


<4. 

o 






Cost 




U, ^ 


Numb 
Modu] 


Manu£ 
Workt 


. Rental 


Preview 


Purchase 




16mm 
8mm 






^5.00 


Yes 


250..00 




16mm* 
8mm 




Yes 


6o.oe 


Yes , 


425.00 




16mm 
8mm 




- 


86.00 


^Yes 


425.00 




16mm* 
8mm 






55.00 ; 


Yes 


350.0Q 


i 


16mm 
8mm 






50.00 


Yes 


300.00 




16nmi 
(B&W) 
8mm 






^ .35.00 
♦ * 


Yes 


* 185.00 - 


• 


16mm 
' 8mni 






55.00 y 


Yes 


400.00. 




16mni 
(B&W) 
8mm 


* 




35.00 


- Yes 


160.00 




16mm 
8mm 






55.00 


Yis 


350.00 




16mm 
8miri 






50.00 • 


Yes 


325.00 




^16mm 
8mm 




\ 


55.00 . 


Yes 


375. OQ 




16mm 
8mm 




Yes 


55.00 


Yes 


350.00 




16mm 
8mm 


'\ 

^ 


Yes 


55.00 


• Yes 


300.00 



Miscellaneous 



IS? 



' . ' ' ^ 

1 * * • 

* 


J. 

TOPIC ' 


^ORGANIZATION 
f 


s. 

CO 


• Tape 






cx 
•c 


& 
E 

00 


Number of . 
Modules 






Cost 




Miscellaneous 

^^^^ 




> 


Audio 


Slides 




Filmsl 




Manu£ 
Workt 


Rental 


Preview 


^Pufchase^ 


M' Count taTcn • ^ ' 

*• * 

I just Work Here ' 

a. 




Yes. 
Yes 










16nnn 

Q____ 

omm 

16mm 
8mm 




Yes * 
Yes 


55.00 
55.00 


Yes 
Yes 


'400.00 - 

275.00 
0 




Sam's Secret 




Yes 


\ 








I6mm 
8mm 






50.00 


Yes 


195.00 




Qose That Sale . . 




Yes 








X 


16mm 
8mm 


> 


Yes 


50.00 ' 


Yes 


195.00 




Tfie Hidden Side of Selling 

> 




^es 










16mm 
8mm 




• 


55.00 


' Yes- , 
Yes 


375.00 




1 11 Buy inat! ^ 

00 

First and Goal 




Yes 










16mm 
8mm 




Yes 


7o:oo 


425.00 . 


e 


ROA Films 












'Color 


t. 




100.00 


50.00 


400.00 


% 


The Future is Now » 














Color 






lOQ.OO " 


50.00 - 


400.00 




Manage Your Hme to Build 
Your Tctiitory 


» 












Color 


. r 




95.00 


30.00 


435.00 


• 


Defense! Defense! 




• 










Color 






100.00 


25.Q0 


^ 400.00 




, The Habit of Winning . . . ? 


» 












iolor 






100.00 


25.00 


• 400.00 




. Ask for the- Order and Get It 














Color 






y 95.00 


30.00 


435.0^ 




Your Price is Right . . . Sell It 

\ 

Kup's Show on Salesmanship 














Color ' 
Color 






95.00 
95 .KX) 


30.00 
- 30.00 


'435.00. 
435.00 ' 




The Time of Yc#r Life 




4 










Color 






100.00 


25.00 


• 440.00 . 


> 


This Thing Called Change.^ <. 


« ' i 












Color 


<i 


idb.oo 


25.00 


* 250.00 




1 w 3 Transactional Ana^sis 










/ 




^plor^ 












J Q ? 


£RLC 








» 

> 






• ,# 


\ 

' V 

1 

V 













TOWC 



6 



One by One 

Twelve Ukc You 

The Eye of thc^ Beholder 

Farewell^ Birdie McKeever 

I Told Em Exactly How To Do 
It 

Inner Man Steps Out 
^ t 
Krasner, Norman . . . Beloved 
^Husband of Irma 

Let's Be Human 

Pattern for Instruction 

Shoplifter 

Acceptance Sampling 

Reliability Training Films 

Communication for Safety 

An Accident Ht4)pens to Sam 

Falls are No Fun,, 

^ Falls Can Cripple 

Eyes, Hands & Feet Series 

Fdendly Machines 

Housekeeping Means 
Safekeeping 



ERLC|t7Q. 



ORGANIZATION 




TOPIC 



ORGANIZATION 



>• 



O 



How to Avoid Muscle Strain 

How to Have an Accident at 
Work ; . 

If YoM Hear the Explosion. The 
Danger has Passed 

The Industrial Weightlifter 

Punch Press Guarding 

Safety Wise 

A Simple Choice 

Slips and Falls 

The Split ScfTond X 

Stnking Against Objects 

, Supervising for Safety 

' ■ The Unplanned, 

You 4nd Office Safety 

You Can Handle It 

Alcohol: A New Focus 

Alcphol and the Humail Body 

Alcohol and You " 

Go Sober and Safe 

The American Alcoholic 

1 7^ » America on the Rocks 



t 



ERIC 



o 









Cost 




Rental 


Preview 


Purchase 


10.00 






10.00 






20.00 




- 


1 c An 
1 j.UU 






19 






iz. juea. 






' inn nn 


9^ AA 


350.06 








1 J.UU 






/4DU 






iz. juea. 






o.uu 






zu.uu 






1 9 ^A 


• 




* 9^ An 

ZjiUU 






4.50 






on AA 






* 20.00 






35,00 ' , 






15.00 







Miscellaneous 



Color 
Color 

Color 

Color 

Color 

Color f 

Colorl 

Color 

Color 

Color 
Color 

Color. 
Colo!>- 



Color 
Celor 
Color 
. Color 



TOPIC 




What's Your Excuse? 
Snoct History ' 

"Sir. 

The Summer Wc Moved to Elm 
'Street 

Accidentally Yours 

Congratulations You Made It 
Through Another Vacation 

How to Have an Accident in the 
Home 

The Life You Save 
Self Defense for.Girls 
Nobody's, Victim 
Post Mortem 
That They May Live' 
Freewayphobia 
Help is . 

No Fool* on a Bicycle ^ 
Motor Mania 
Story of Anyburg,' U.S.A. 
Not So, Easy 
Ride On 



ORGANIZATION 



ERIC. 



Signal 30 

174 



> 



-St 

o 



■c 




B 

00 


Number of 
Modules 


' Color 
Color 




* Color 




Color 




Color 




Gfiipr 

Color 


r 


,C^or 
.Color 
Color 
Color 


'i 


Color 


-2 


.Color -> 
Co\o\ , 


y ' ■ 

t 


Color 




Color 
Color 


\ 


Color 
Color ' 


^ 4 



CO o 



Cost 



Rental 



15.00 
15.00 
15.00 

15.00 
20.00 

10.00. 

25.Q0 
15.00 
20.00 
20.00 
12.50 
t5.00ea. 
20.00 
Vj, 10.00- 
10.00 
10.00 
25.00 
20.00 
15.00 



Preview Purchase 



Miscellaneous , 



> 



? 



TOPIC 



B^orc Hj^ Happen 
Cause for Alarm 
The Challenge 

The Chemistry of Fire ^ 

DotuSd^s Fire Survival Plan 

Bee - and Your Hospital 

lie Fust Five MindVbs ^ 

How to Call the Fire Department 

Vm No Fool With Fire n 

Slop the* Fire TTiief 

Slop a Fuc Before it Stafts 

A Tale of Two Towns * 

Train We Must 

Until The Fire Dq>artincnt 
Arrives 

.Gooling of Electronic Eqpipnjent 

Formula for Survival-Stress/ 
Distress (Exercise, Relaxation 

Retirement by Degree) 
DK Robert J. Samp 

What You iVe Is Where You " 
Were When . . . Monft E. 
Massey" 



^ORGANIZATIQN 



T7^ 



176 
ERIC 



Cooling Courses 

Magnetic Video ^ 
Corporation 



r 



a. 

s 

f/i 

B 



B 
B 

00 



U 4> 



Rental 



Cost 



Preview Purchase 



- Miscellageous 



^olor 
Color 
Color 
Color 
Color 
Color 
Color 
Color 
Qelor 
Color 
Color 
Col^ 
Color 
Color 




16mm 
Color 



Yes 



10.00 
12.50 
' 10.00 
10.00 , 
10.00 
15.00 
15.00 
7.50 
10.00 
12.50 
20.00 
12.50. 
10.00 
'7.50 

'390.00"" 



V 



lOdays 
No charge 



750.00 



\ 



1^^ 



T 

* 












I" 












>' ' ■ 

»» 


■- i 




' ^ TdPIC^ 


ORGAMIZATION 

V . ' 


TV Tape 


« 




1 • 

£1 




L- W5 

V ^ 


^Manual/ 
Workbook 




Cost/ 




^ ■ ] 

Miscellaneous 




o 

3 
< 


1 


Film 
16mm 


1 = 

2 S 


Rental, 


Preview 


Purchase 




Realistic Cost Estimating 


Society of Manufacturing 
Engineers 


Yes. 






— r 




5 


Yei 


' ( 




925 .&0 


• 




Metric Series 


n 


Yes 










5^ - 

> 


Yes 






9^5.00 




\ 


Technology for Tomorrow 

Manufacturing Engineering. 
, • OppOTtunity » . 

Positipoal Toteranccs i 


n 
m 


Yes 
Yes 

les 










< 

• 6 

1 


,Yes 


35.00pcrt»pe 
^ 3?0p' 

• 35.00 


> 


200.00 per 
tape 
s:200.00 

200.00 






Pqwdci' Coating 






P 




* 








35.00'-* 




200.00 




* 


Noise Abatement * 




Y^ 














' 3^.00 




200.00 . 




The Industrial Robot 

The Interview. EEO 
Considerations 


* m 


Ye/ 










.1 ■ 




^5.00 




2'OO.O0 . 






XICOM Inc. 










1 


' • . 






/■ 

r 








1 -Interviewing Women 
Candidates 




y 


• - 


. f 












, 50.00 


395.00 




« 


2-Interviewing Mii^ty . , 
Candidates ' 

' ' [ 

V\\ Thin( About It 








ft 


« ' 


Yes ^ 

I es 








* * 50.00 ' 
, 50.00- • 


395.00 
350.00 






AnifTcial Intelligence 
Patrick H. Winston 


Massachusetts Institute 
of Tectmology , 


Color 






* • ^ 


^ r 


24 , 


> 


1 ^ 
' 743.00 . 




/5,825.00 






Calculus ' ' s 
. * Herbert I.' Gross 




B&W 








16mm 
B&W 


"6 . 


Y^ 


,?i5.oa 




1,365.00 




•> 


^ : Differentiation 
v; • 9 




B&W 


• 


\' 




16mm 
B&>V 


11 


^ Yes 


313.00 




2,135.00 " 


% 


ERLC 


The Circular Functions 




B&W 




1 




16rfun 
B&W 


. 2 


Yes 






13.50 

» > 


* 



'.TOPIC 



; ■ ^ 



The Dcfmitc Integral 
Tnnicendental^iictions / 



More Integration Techniques 

Infimte Sdics " * 

«» 

Calcuhis of Several Variables 



Complex Variajbles, Differential , 
Equations & Linear Aj^ebra 
t ' * ■ . 

Colloid and Surface Chemistry ^ 
J. Th. G. pverbeek ' . 

Computer Languages 
MichacFL. Dcrtouztos - 



pigital Signal Processing ' 
Alan V Oppcnheim , . 

Economics- • 
fil^ S. Pindyck 

Macroeconomics 

Engineering Economy 
Sanford B. Thayer 

Friction^. Wear & Lubptfaudn * 
Ernest Rabinowicz t 

* •, t 

Introduction to ^ijpcrijientatiofr; 
Ernest Rabinowicz 



ORGANIZATION 



> 



o 

M 



B&W 
B&W 
B&.W 
B&W 
B&W 

^ N 

B 

B&W 
Color 
Color' 
Color 

Color 

-<kilDr 
* 

•Color 
B&W 



2 



a 
'£ 

B 

tL-." 



:4 
if 

uu ^ 



16mm 
B&W 

16mm 

B&W 
« 

|t6mm 
B&W 



16mm 
B&W 



I6mm 
B&W 

16mm 
B&W 

^16mm 
B&W' 



2 



P 



16d1un 
B&W 



^6^ 

26 

Zpi 

55 

39 , 

21* 

12 

10 
10 

12 

14 



S* o 



Yes 
Yes 
Yes, 
Y-es > 



Yes 
Yes 



Cost 



Rental 



127.00 



ij^oo'*' 



105.00 



157.00 



Yes' '625,00 



yes 

Yes 

,Yes 
Yes 

Yes 

Yes 



.1520.00 



l,595.0a 



1 ,529.00 



778.00 
•^495.00 



454.00' 
' 306.00 

476.*00 

370.00 



Preview 



Purchase 



87Q:00 - 

695.0Q^ 

725'.00 



Miscelh^us"^. 



1 ,(M0.00 
4J00^00 
3,800':0O ^ 

r 

12, §00.09 

9,945.00 

■ 6.165.00 
• f 

3,670.00' 

^'3,245.00 
2,100.00 



3^405..Q0 



'2,6^5.00 



} 



TOPIC 

. ^ 

A . " • * 


.^"ORGANIZATION 


TV Tape 


CO 

H 




Filmslnp 


£ 

00 


O 


8 


• Cost 


Miscellaneous 


Audio 


Slides 


Film 
16mm/ 


Numb< 
Modul 


Manua 
Workb 


Rental 


Preview 


Purchase 


^ , Management Sloan School of ■ 
^jyianapment and the Inoovatidn 
Group ' «»-^ 

: » 




Color 










/ 




300.00 




1 ,200.00 




Building an Innovative ^, 
Organization 




B&W 




) ' 




• 


8 . 




600.00 ' 


* • 


2,780.00 




"Mechanics of Polymer 
Processing . 
J R* A Pearson 


n * 


Color 


> 








32 


Yes 


1,200.00 




9,500.00 




Vfrvlmn rVintml TfiAnrv^ 
, «vi\AKiu VA/uuui luci/ijr 

Micbad Adians 


V 


C61or' 










11 


Yes 


461.00 


K 


3,295.00 




r^lf f f f 1 1 li iwstir Of>timikt iPnntrrkl 
wv*w« mini JLlw wpillllcU >.AJI1UU1 


, * . ''9 


Color 










10 


Yes 


•582.00' 


f 


2,745.00 




^ Detenninistic''Opdnial Linear 
55. Feedback - 




Color 






20 


Yes 


20 


Yes 


-665.00 




5,220.00 » 




Stochajij^Estimation « * 


IT * 


Color 










16 




' 675.00 




5180.00 




Stoct^tic Control ^ ^ 




Cdlor 


/ 








15 ^ 




- 538.00 








* Network Analysis . ' 9, 
« The Ootfi^ofial Amnlificr "* 

' ^ 'Nonlinear Vibrations* * 
. Jacoo r . 'Ucn rianog v. 


/ , 


Color 
Color 
B&W 




/ 


* 




? 

* 12 


Y^, 

Yes 

Yes 


475.00 • 
583.00 


- 


2,35mj 

3,3^4.00 

4>15.00 




^ t » , Probability and Random ^ 
\ Processes ; ^ \ 


V 


B&W 






« * 


16mni 


49 




920.00 




7,090.00 
(Probability) 




HawyL. Van trees, ^ * ♦ 




B&W 










48 


Yes 


985.00 




7,590.00 
(Random Pro.; 




Quality Control ^ 




Colpr 




r 






10 


Yes 


360.00 

r 




'2,485 00* 




' Thermostatics & 
Thermodynamics 
Myron Tribus * 


'N* ♦ 


Cotor 










1 




460.00 




3,305.00 





<J - 1 Q"9 . 



TOPIC 



ORGANIZATION 



TV Tape 


Audio Tape. . 


Slides 


Filmstrip- 


Film 

16mm/8mm 


Number of 
Modules 


Yes 










6 


Yes. 










2 


Yes 










I 

6 


X es 




/ o 






7 


Yes 






• 




5 


Yes 




/ 






? 

9 


Yes 










9 


Yes" 










9 

7 


Ye^ 










5 


Yes 


> 








5 


Yes 




\ 




♦ 


5 - 


Yes 










5 


Yes 












Yes 










, 3 


Yc3 








2 

• 



j5 
5 > 



^ Cost 



Rental' • 



Preview 



> Purchase 



Miscellaneous 
/ 



OS 



. Managerocni by Objectives 
John Humble 

Supervisory Trai^ng 
Allan H. Mogensen 

Effective Organization 
Saul Gellerrnan 

Modem Management 

^ Effective ConmUinication 
Dr. David K. Bcrio 

Motivation & Productivity 
Sliul Gellerrnan 

Managing Discontinuity , 
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During the working years of a professional man or 
woman, roughly between the agesof 25 and 65 , a critical 
issue is whether he or she can maintain a high level of 
competence against the eroding effect of the passage of 
time. Scientists and engineers are especially thre^ned 
by the potentiality -of becoming outdated ^ their skills 
and their knowledge. It is not enough for workers in 
these fields to maintain the competence acquired in the 
years of formal education rTheir information bank is any- 
thing- biit static; the-nbrm is perpetual change. Scientists 
and engineers haV6 no choice but to plan for a life of 
continuous self-education and self-renewal by keeping 
abreast of new developments and new knowledge which 
are constantly being generated by research. 

Keeping current with new developments in science 
and technology is what we refer to as updating. The 
reverse of updating is obsolescence. In ord^r to under- 
stand the necessity for updating, we shall firs;t look at the 
causes and. effects of obsolescence. 

OBSOLteSCENCe/* . 

Wh^t Does Obsolescence Mean? 

' * . .* 
Up until the present time only descnptive ai^d opera- 
tional definitions of obsolescence have been advanced. 
Comparatively little experimental work has been done in 
this field. Most of the inquiry and literature ,to dat^ have 
come ffom engineering, management and medicine. 
However, several investigators have focused on factors 
underlying obsolescence. Shearer and Steger (1975), 
Burack and Pati (1970), and Shumaker (1963) have df- ; 
fined obsolescence in ttfrms of a reduction of efficiencies 
of perfomnf^ce over time. According to Sheaier and 
Steger, a person is obsolete to t)he degree •thatl relative to 
other members of hi^ profession, he is not.familiar with 
or is otherwise not competenjt to apply the knowledge, 
methods and techniques that are'generally considered to 
be important tfy members of his'^professfon Burack and 
Pati found t]rat obsolescence exists when there, is a dis- 
crepancy between job neecls^andjnana^rial or profes- 
sional capabilities as a resultof innovSion, or when the 
knov^edge and skills of a professional are not sufficient 
to accomplish his job. Shumaker describes obsolescence 
as a reduction in technical effectiveness resulting-from a 
lact of knowledge of th^ new techniques and of entirely 
new technologies that have developed since the acquisi- 
tion of the indivi^uaPs education. < , 
"in tjie field of engineering, Zelifoff (1969); Mali 
(1970), and Siefert (1964) use the word obsolescence to 
m^aji the erosion of ^e applicability of knowledge. 
Zclikoff analyzed catalog course offerings for five en- 
gineering colleges from 1935 to 1965 at five-y^aiUmcr- 
vals. By identifying courses that were dropped and 
courses tha^^ere added, he developed engineering ero- 
sion curves for five areas^f engineering. Figure 1 shows 
the potential obsolescetice\)f knowledge in electrical en- 



gineering as measured by the number of couBc additions 
and deletions in the curriculum. The steeper curves in the 
later years represent the rapid increase in technologicfil 
advancement. For example, for the class of 1935 the 
percentage of applicable knowledge in' 1965 'is about 5^; 
for the class of 1960 it is aBout '^5%. 1 

' Another approach to the definition of obsolescence has 
been advanced by Mali in the form of art obsolescence 

„ index (01): 

• Qj - current knowledge understood by engineers ' 
. cui^ent knowledge in tiie field 

This.equation is based -on the rate of change versus 
time. A high rate of technological obsolescence is relMed 
to a high rat^ of growdi. The growth curve expresses the 
exponential rate of tec)inological obsolescence. Sieferf 
.defined obsolescence 7or engineers as the measurement 
at some point of time of the difference between ^the 
knowledge and skills possessed by a new graduate of a 
modem engineering curriculum^nd the knowledge aiid 
skills actually possessed by the practicing engineer who 
may have completed his formal education a number of 
years ago.' 

Ferdinand (1966), Norgren (1966), and Mahler (1965) 
found several types of obsolescence for the purpose ^of 
identifying the nature and causes of obsolescence among 
engineers artd scientists. Ferdinand described three 
types: profession^ (professionally obsolete independent 
of competence in his oy^n area^ of specialization); areal 
(one whose technical skills in present area of specializa- 
. tion are np longer sufficient to the present state of the 
art); and ex officio (technical^ skills and knowledge im- 
paired when engineer or'scientist becomes a manager). 
Norgren classified the major types of skill obsolescence 
as techftology-based and product-based. 

The foregoing definitions of obsolescence have relied 
chiefly on the idea of discrepancy. Thus they do not take 
into account the miiltidimensiona} character of the condi- 
tion of being obsolescent or obsolete. Mere identification 
of deficiency in the knowledge and skills of an individual 
does not provide an understanding of the dynamics of 
other factors such as attitude or motivation. These factors 
may indeed be critical in iifstances where skills and 
knowlSige'are sufficient but where individuals still per- 
form in an obsolescent fashion (Hinrichs, 1973). 
. In thp section on the updating process, we will expand 
' upon the wideV dimension of factors involved in the prob- 
lem of obsolescence, as motivation and orgarTizational 
climate. ' 



Estimating the Size of the Problem 

From .the limited data available, it would appear that 
concern about creepin^g obsolescence may be widespread 
within the community of scientists and engineers. Irgni- 
ca^ly, it is they themselves who generate the vast (Juan^v 
tity of new information which daily contributes to the 
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PAGE 169 - FIGURE 1 - EROSION CURVES OF 
ELECTRICAL ENGINEERS FROM SELECTED 
GRADUATING CLASSES - REMOVED DUE TO ^ 
COPYRIGHT RESTRICTIONS s 



205 



r 



short **halMife" of their previously acquired know-^ 
ledge. Forexample, the number of entries xnBiological 
Abstracts rose from 40,0()0 in , 1957 to about 140,000 in 
1976. Chemical Abstracts published about 244,000 in , 
1967 (Glass, 1970) toT390,000 in 1976. ' , 

The size of the problem still can only be estimated 
rather than stated in exact figures. Estimates t^ date have 
been generally based on interviews- and questionnaires 
which solicit opinions of professionals and their super- 
visory technical managers in refgard to self-pereeived 
obsolescence and updating needs The Stanford Research 
Institute (1968) estimates that approximately one in five 
engineers and one of fifteen sciei^tists may be affected by 
job assignment obsolescence. More sdnousiy, the report 
estimates that more than half of the engineers and a quar- 
ter of the scientists may be professionally obsolete. Sci- 
entists and engineers engaged in R<fcD work are mo5t 
likely to be current in iffeir fields while production en- 
gineep are likely to be most obsolete. Data collected b> 
Raudjj^epp (1970) on 690 engineers and managers indi- 
cates that 259c consider technical obsolescence a senous 
problem. Three-fourths of his sample recognized that a 
problem of obsolescence exists. In Ritti's^l 197^) study, 
417r of the engineers felt they were ' 'only fairly welh'\or 
**not at all" up-to-dae. Only 77c saw a "'significant" 
problem in the obsolescence of technical skills ^mong 
their fellow professionals He reported the reasons given 
by engineers for causes of, obsolescence of technical 
skills: work assignments do not require knowledge of the 
latest developments, 51 7c, the press of schedule demands 
leases no time or energy for further study , 439c, work is 
so specialized that tfce broader base of knowledge is un- 
used and forgotten, 407r. developments in the field are 
coming so rapidly that it is very difficult for anyone to 
keep up, 307c; lack of intere.st in the technical end of 
their work, 26%; managenal duties require little know- 
ledge in depth of new technical developments, 20%. 

Technological obsolescence was one of the twenty- 
five cntical scientific issues facing the countr>' in the 
opinion of seventy -eight respondent^ who are presidents 
and directors of major technological industries, members 
of an NSF Industnal Panel on Science and Technology. 
This finding was reported by the National Science Foun- 
' dation Board (1976) in a publication entitled Science at 
'the Bicentennial. In the same supey the S'SF found that 
directors of fifty-tlvc government laboratones rated con- 
tinuing education of older scientists and engineers as one 
of two pnonty needs in order to maintain vitality in the 
research systepi. 

Lest It be mistakenly assumed that scientists and en- 
gineers are unique in being afflicted by obsolescence, 
parallel investigations of other occupational groups als(\ 
reveal tendencies toward becoming obsolete in their 
skiils^and intormation. Lindsay. Mumson, and Keliey 
(1974), in an excellent studv of physical educators, 
found th,at, in the five areas W knowledge being tested, 
more than -three-fourths of the teachers fell below the 
minimum score established by experts Obsolescence m 



the medical profession was the subject of a report in the 
New York Times (December 18, 1975) which gave the 
results of a fifty item test on the National Antibiotic 
Therapy Test administered by closed circuit television to 
4,513 practicing physicians. Half of the doctors scored 
687c or less on the test The highest scores were achieved 
by the most recent graduates of medical schools. Those 
who had been out of medical school for five years or less 
* scored an average of 70'7£ correct Doctors with six to 
fifteen years of practice averaged 689c. Those who had 
been in practice more than fifteen years averaged 62% 
correct.. • , • ^ . 

As for measuring the size of the problem in terms of 
cost, precise figures are difficult to come by. Yet 
Branscomb (1973) does atjempt to assess numerically the 
capital value of scientists and engineers a^nd the cost of 
.obsolescence of technical staff, "We do know* that the 
graduate education a new Ph,D brings his first employer 
costs the individual and society upwards of 550,000. But 
this asset becomes small in comparison with the 
'employer's own investment in tht individual in a few 
years, ViewecJ as a possible liability, the technical man 
with forty years of employment ahead of him will cost 
somebody something approaching a million dollars be- 
fore he retires. It is clear that the co^t of allowing the 
individual to lose his capabilities and his confidence is 
both a tragedy and a corporate waste. Furthermore, 4hc 
cost of maintaining the employee's vitality — even by 
formal traming comparable to a second Ph,D., if it is 
necessary — is a small price to pay in comparison with the 
cumulative salary obligatiop.of (the) employer.'* 

Detecting Obsolescence in Individuals 

Given the app^ent widespread threat of obsolescence 
which. hovers over professionals in scientific and 
technological work and the vast waste in money, time 
and talent of individuals, their employers, and society 
presumably, which is incurred in the decrement of their 
competence by obsolescence, it is obvious that a good 
detection device for obsolescence would be a helpful 
invention. No such accurate, invention exists at the pre- 
sent time. - * 

The present most coTnmonly used method of detecting 
' ^pbsoIe6cence is the performance appraisal by the super- 
visor of the competence of individuals under his supervi- 
sion. It IS assumed that the appraisal will be made on the 
basis of observation of the individual at work, and the 
product of his work, as well as on the basis of open 
interviews or discussions. The appraiser should be able 
to detect weaknesses as wella^engths, to detect gaps 
in information or decremenr*in other aspects of 
competence of the individual being appraised. The pre- 
sumption IS that the supervisor himself is well abreast of 
new develppments and that he has the insight and objec- 
tivity to note symptoms of obsolescence in the early 
stages. 

Maimros (1963) suggested five signs of obsolescence 
rv <^ 'yj 



in the professional engine^^r: he became less and less 
inclined to apply rigorous 'mathematical tephniques to 

' obtain solutions to his problems, he encountered increas- 
ing, difficulty in reading new technical papers and felt 
frustrated because he could not follow the mathematics, 
neW technical concepts wefe confusing to him, new tasks 
'and assignments began to look^oo difficult to be practi- 
* cal; and contemporaries did not seek his advice. Burack 
and^Pati (1970) pointed out to managers some danger 
signals that should alert them to obsolescence in them- 

- selves. Conditions indicative of managerial obsoles- 
cence: lack of awareness of change, lack of aptitude to 
learn, outdated education, lack of motivation for self- 
education because of age and low level of aspiration, 
^ desire to maintain status quo, lack of broader education 
for the dev^pment of conceptual skills, and failure to, 
perceive potential future change. Roney (1966) reporteydf 
a number of characteristics associated with obsolescence, 
rejection of-new ideas, lack of flexibility and spon- 
taneity, inability to .ileal with conflict, resistance to 
change, making no ^parent effort to improve, avoiding 

^goal setting. • . 

^'^llAssessment centers offer a systematic approacli to 
judging an individuaPs promotion potential and job de- 
velopment needs. In the process of assessment of candi- 
dates, a portion of the total audit of the individual 
touches on weaknesses as well as strengths, areas which ' 
need development, and degree of **obsolescen(^ 
threat." 

Symptoips of obsolescence appear not only in the de- 
crement of knowledge and skills but behaviors and at- 
titudes. Both the nominal grouping technique (Delbecq 
et al., 1975) and the critical incident technique can be 
used to elicit honest responses 'from individuals on 
specific attitudes and behaviors which they possess. The 
author has used the nominal grouping technique with the 
faculty of a two-year community college to identify signs 
of obsolescence in the faculty. Symptorlis of obsoles- 
cence proffered by faculty members^ working in discus- 
sion groups, were revealing and hit glose to the heart of 
^ the real situation at the college. Some sample items: lack 

, of knowledge of new technical^evelopments, reluctance 
„ to read professional journals, lack of interest in advanced 
study, failure to lise innovative teaching methods, lecture 
notes retained and used unchanged for ^n excessive 
length of time, the same exams used over and over. 
Kaufman (1973, 1974) has used the critical incident 
technique to identify cognitive and motivational aspects 
of obsolescence. Loss of technical ability and informa- 

» tion are classified as cognitive; lack of interest and drive, 

, motivational. ^ ^ 

Measuring Obsolescence 

No* one has as yet devised an exact quantitative rnea- 
sure of obsolescence in individuals. Measuring obsoles- 
cence in a^y given individual must be attempted in a less- 
than mathematical way. One method involves the^use of 



questionnaires in which the individual assesses his own : 
deficiencies as he perceives them. Using this self- 
perceived approach, the Department of Planning Studies * 
in Continuing Education at The Pennsylvania State Uni- 
versity has carried out a series of studies pver the past ten 
years. These studies centered on the self-perceived edu- 
cational needs of several professional groups in mid- 
career. Based variously on state and national samples, 
the researchers studied engineers (Dubin an(J Marlow, \ 
1965), natural resource managers and scientists (George 
and Dubin, 1971); solid w^aste engineers, consultants and 
managers (Dubin and Regan, 1977); managers 4n busi- 
ness and industry (Dubin, Alcjerman and Marlow, 1967) 
and physical educators (Lindsay, Momson and^Kelley, 
1974). • 

In addition to providing data on their professional 
background, education, employment, Job respon- 
sibilities, and so, on, respondents were asked to give 
information regarding their attitudes toward the need for 
updating i the factors that motivate them to keep abreast 
/f new developments, methods they use to keep up-to- 
idate, etc. Each professional group was provided with a 

y/fli^t of some 5Cf to 60 areas of knowledge specifie to its 
own field. Respondents were asked to estimate Ihe extent 
of their personal updating needs in each area. In the final 
section of the questionnaire, respondents were given the 
opportunity to write in the specific courses they would 
like to include in a personal self-development program of 

* study. Analysis of the data collected Jn .these studies , 
showed that mid-career professionals 8f,all groups •per- 
ceived considerable need for updating, but invariably 
there were numerous factors which interfered with the 
attainment of this goal: lack of time,' family priorities, 
distance fronj school, no reward for getting an additional 
degree, job did not require further^ducation. 

Another method of assessing obsolescence is measur- 
ing the up-to-dateness of specific knowledge by objec- 
tive tests. Dubin and Cohen (1970) developed a prelimi- 
nary test for measuring and evaluating quantitative 
competency of industrial engineers. Analysis of a sample, 
of 40 engineers identified their weakest areas. in 
^mathematics. The year in which the engirieering degree 
was received jmade a difference on the test score. The 
more recent the degree, the higher the test score. En- 

, gineers with higher graduate degrees performed better* 
than those with undergraduate degrees. 

The objective test method has been little used in asses- *^ 
sing the information of engineers and professionals in 
science. However, it has recently been adopted exten- 
sively in the profession of medicine. Rosenow (1971) 
reported the results of a 700-item objective test of medi- 
cal knowledge. Physicians out of school less than ffve 
years scpred the highest; those^etween five and fifteea 
^ears scored slightly lower. PlWsicians who graduated 
before 1956 consistently received somewhat lower 
scores. Medical specialists, however, scored higher than * 
nonspecialists, irrespective of their date of graduation. 
As a consequence of this experiment in testing, abotit ten 
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Figure 2. — Technical Knowledge^nd. Skills 



Person Being J^atfed* ' ^ ' 

Being ^ted By (ch'fcck one) Self 



-Section 



Co-Worker 



^iipervisor 



Up-to-date in the technical 
asp^ects of his field;. has 
extensive knowledge of latest 
processes and procedures; , 
generally knows what i« agoing 
on in related technical fields^ 



Very High 
2.00 



Could be expected to become 
proficient rapidly in the new 
work activity with a mininum 
of instruction becausefof his 
relative up-to-dateness. 



Up-to-date in the current tech- 
nologies and skills required for 
his present job. 



Could be ext^ected to perform 
adequately on routine and^ for- 
mulated jobs but will require 
technical assistance when working, 
on a^ythin^ that involves use of 
new techniques. 



1.75«- 



1.^0 



1.25^ 



1.00 



Could be expected to have a continuing 
program of education that keeps him 
current with, the full range of newer 
technologies in his discipline. Knows 
and applies technical advances ar.d 
practices in his field. 



Could be expected consistently to 
apply ^he state-of-the art techiiique^ 
and processes in his present job. 



.75^ 



.50 



.25 



Could be expected to perform adequately^ 
on current job but wit,h some ripcognized 
deficiencies ii^ newer technologies. 



.00 <r' 
Very tow 



Strong need for technical updating to 
perform adequately on the job. 
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medical socreties have initiated self-assessment tests. 
The anticipated outcome of this self-assessment ap- 
proach in medicine may be to reduce pressure for re- 
liccnsure and receitification by federal agencies who in- 
tend to require some indication of competency in order 
for a physician to participate in federal health programs. 

In an effort to get closer* to objectivity in thie measure- 
ment of a worker's technical knowledge and skills rela- 
tive to the*state^of the art— the degree to which he is 
current or obsolesccnt-~Dubin (1975) developed a 
behavior-anchored .rating scale (Figure 2). The 
behavior-anchored scafe satisfies three criteria: the di- 
mensions are well-defined for the rater, the behavior- 
anchor points adequately define the response categories 
of the scale, and the response made by the rater is well- 
defined. Such a scal^, used by supervisors as part of the 
professional appraisal, facilitates grouping of individuals 
or making comparisons between them as 'to behaviors 
indicative of obsolescent tendencies, calling attention 
explicitly to weakness in the area of updating in technical 
personnel. / ' * 

• / 

Causes of Ol/solescence ^ ' 

The causes ^^obsolescence are many, and a number of 
interacting factors appear td^be involved. These may be 
divided initially into two groups: those pertaining to and 
arising chiefly from the individual himself, and those 
wjiich pertain to what can be described as his work envi- 
ronment, causes which arise from situations external to 
the'individual. 

Individual A^spects 

Within the sphere of the individual, there may be sev- 
eral sources of obsolescence. Obsolescence may arise 
from physical causes. The physical aspect of obsoles- 
cence is not within the province of this paper. E^remature 
aging or other pathological conditions would have to be 
passed on to the gerontologists. But it should be added 
immediately that the decline of competence in profes- 
sional persons whidh often accompanies the passing of 
years is not inevitable or necessary except in the presence 
of ill health or other e;ctreme debilitating conditions, 
^ The other aspects within the individual sphere are the 
cognitive and the motivational aspects (Kaufman, 1973). 
It is within these two areas that we are delving to find our 
causes of obsolescence. Briefly, the cognitive aspects 
comprise iv/o bodies of skills and knowledge — those 
which the individual has already acquired in the past, and 
those which remain to be acquired in the pfesenf and^ 
future. If the individual is obsolescent he may not retain 
or fevicw that m^wial he has learned in the past which is 
relevant in the present. Or he-may be remiss in his efforts 
to keep abreast of new knowledge and skills. Within the 
rapidly changing technological scene^, today's 
competence will not enable the professional to work ef- 
fectively on tomorrow's project., In a study^ by Mali 
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( 1 970) '50% of the engineers in his ^n^le.wer^ unaware 
of new developments. *Thompsj)p,and Daltoix (1976) 
point out that while knowledge^if being* produced at a 
dazzling rate, our ability to collect and transmit informa- 
tion is also increasing. Thus we may conclitde that indi- 
viduals who are not keeping current in their fields are 
failing to mak^ use of the enormous assistance available 
in the new systems for reprieving ^andjransmitting infor- 
fnation. < ' , ' 

As/for the motivational aspect, there is liitle (foubtthat 
a major factor underiying an individual's obsolescence is 
his lack of motivation in maintaining and^improvuig his 
competence. Motivational characteristics which impinge 
on obsolescence are lack of interest, lack of drive, lack 
of curiosity about new developments, Jack of interest in 
solving new problems, lack of motivation for ^elf- 
education because of age and low level 'Of aspiration, 
satisfaction with status quo. The central role of positive 
motivation and positive reinforcement rft (Combatting ob- 
solescence and promoting updating activity will be dis- 
cussed at greater length in a later section. 

Some professionals are made obsolete by conditions 
external to themselves which constitute the extended * 
work environmeijt, and with which they have nor been 
altogether successful in coping. Chief among these con- 
ditions which produce individual obsolescence are the 
rapid rate of change and the generation of vast qyantities 
of new information in current scientific and technical 
fields. ^ 

Rate of Change of Knowledge 

Precise indexes for evaluating or predicting the rate of 
change or decay of technical knowledge do not exist at 
present. We have for the most part only educated gi^esses 
about the half-life of information in various technical and 
scientific areas.* Lukasiewicz (1971) estimated that 
w^ile the half-life of the 1940 engineering graduate's 
kno\yIe*dge was twelve years, it had shrunk to fiv^ years 
for the 1970 graduate. Armer (1976) estimated that the » 
half-life of computer knowledge is five to ten years. * 
Bro?iley (197 1 ) in a National Academy of Science report 
assigned a half-life of eight years to a physics paper. 
jRosenow (1971) of the American College of Physicians 
gave a half-life of five years to a medical internist's 
knowledge. Hozid (1969). attributed a half^life of five 
years to knowledge in dentistry. Mali (1970) developed 
an obsolescence index for engineers, defining it as the 
ratio between current knowledge as understood by the 
practitioner and current knowledge in the field. Using^e 
index he reported that approximately 56% of enginfc^ng 
practitioners met half of the model's criterion ofo^o- 
dateness. 



* In this contcxl, we borrow from physics the phrast half-life, apply- 
ing it to information. For example, a halMife of five years means that 
after five years a given body of information is only 50%> applicable. 

09 " 



Dubin»(1972) estimated that a psychologist's half-life of 
^knowledge averages 10 to 12 years. Chaphanis (1971) 
calculated that a compulsive well-read engineering 
psychologist would hav^ to read 30 to 40 articles and 
reports a day merely to keep abreast of current literature 
in his field. A degree obtained m 1960 would provide 
less than one-half of what the average technical graduate 
would need to know in 1970 (Mueller, 1970). Glass . 
(1970) stated that a scientist must constantly review his ^ 
knowledge or he would be beyond hope as a teacher or 
practitione*r in approximately eight years. Even more 
rapid rates of decay of information have been suggested 
m microbiology and in the completely new fields of 
'bacterial genetics and genetic engineering. 

An enlightening example of "the rate of change jn tech- 
nical information is provided by Rosenstein (1968) He 
stated that the rate of curriculum revision in an under- 
graduate electric circuits course is five years. While 
Ohm*s Law does^riot change, course philosophy and 
analytic methods are changing, and changing v^iih in- 
creasing frequency. He describes the sequences of' 
changes. ''In the early 1940's, electric circuits were usu- 
ally presented in twa courses, bne giving d.c. circuits 
and the other steady state a.c circuits. By the late 
, ^ 1940's, transform theory Avas introduced to provide the 
first major change and to give a simultaneous treatment 
of steady state and transient conditions. The course 
changed again when circuit synthesis techniques found 
their way into the curriculum shortly thereafter. Addi- 
tional major revisions followed as the me^ods^f signal 
flow and then of state space were introd(A^d. The 
specialized course in electncal circuits is now yielding to 
the unified treatment of lumped parameters^. The impend- 
. ing computenzation of linearl lumped parameter analysis 
provides the sixth major revision in twenty-five, result- 
ing in an average turnover of one every five years." 

Zelikoffs study of curriculum obsolescence, cited ear- 
lier (Figure 1), provides*additional quantitative evidence 
of the erosion of knowledge m five fields of 
engineenng — electrical, aeronautical, chemical, civil, 
and mechanisal. In 1965, thirty years after graduation, 
only 107c of an aeronautical engineer\ information Whs 
applicable. the chemical engineer, applicable infor- 
r mation stood at 15%, for the electrical engineer the fi- 
gure was 5%. Five years after graduation, the 1960 
aeronautical engineering graduate's applicable Knowl- 
edge retained from school was 40%, the chemical en- 
gkieef s, 40%; and the electrical engineer's, 60%. 

Much needed today are refined and current appraisals 
of the half-hfe of knowledge in specific subject areas m 
science and engineering. Such data would be useful in ^ 
determining the rate of change in these areas and provide 
warning signals to those which require accelerated retain- 
ing or further education programs. ' . • 

* Management Policies and Practices 

^Mosbprofessional scientists and engineers spend their 
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working years within an environmental structure which 
is an organization. Unfortunately, many professionals 
are made obsolete by the organizations in which they 
work. An organization's policies and practices are not set , 
up necessarily to promote the professional careers of its 
employees. On the contrary, for the purposes of the or- 
ganization a professional may be kept obsolete by the - 
limited demands and rigid controls that prevent him from 
enlarging his scope An engineer may 6e re'quired to 
specialize to the point where he operates on a low level 
of use of his technical knowledge On the other hand, an 
organization with more enlightened pianagement may 
see a long-term cost/benefit in promoting the updating 
and professional development of its highly qualified 
workers. Mutual expectancies between the individual 
and the organization can create or combat obsolescence. 
This is what Levinson (1971) calls the "psychological 
contract". "What the person expects from the organiza- 
tion, his experiences dealing with the organization, and 
how much he trusts the organization for need fulfillment 
influences^his updating." 1 

One of the most common organizational practices 
^which leads, to obsolescence is the underutllization of 
\kills. This combines both light intellectual demands and 
light time demands (Ritti, 1971). According to Mali 
(1970),. half of the work assignments of engineers were 
within the range of a technician's capability. More im- 
portantly, obsolescence ocdirs from the motivational 
correlates of underutllization: general lack of Intercast, 
boredom, lack of sense .of purpose and commitment to 
the job, frustration at not using one's capabilities to the 
fullest, alienation and focusing on other, sources of 
gratification. Tingey and Inskeep (1974) cite the under- 
utilization of professional qualifications as a major cause 
for job dissatisfaction. 

The pattern of misutilization differs from upderutiliza- 
tion in that it combines light intellectual demands with 
heavy time pressures. In this case, professionals work 
under severe time limitations at assignments so routine or 
tnvial (hat they could be done by a clerk or low level 
technician (Ritti, 1971). However, time pressures are 
such that "you have to produce like a machine.'' There 
is no time for making changes, for innovation, for mak- 
ing an elegant solution, for a better way to do the job. 

The management practice of overspecialrzation is 
conducive to obsolescence in the specialist. When a per- 
son is kept in the same assignment for^n extended period . 
.he tends to develop a narrowness of outlook and nairow- 
'ness of expertise which ppprly^ equips him for other or 
^ broader assignments in the future. Further, task;6peciali- 
zation can lead to bqredom, and apathy in fcgard^^ 
professional updating in a wider range than his special- 
ity. So called functional or Organizational obsolescence 
occurs when the professional is cast in a function which 
te has performed over a period of time and which ms no 
longer required by the organization (^filler, 1974). 

Management practices in handing oyt rewards'^, incen- 
tives and recognition, or ,the lack of these, can liave 



^ Averse rafher than positive efCects on professional^ 
employees. If there is little reward or tQcoguition forth- " 
coming when 2t person attempts tq investigate new lines 
of thinking, t^lnnov^te in a prpdtitt brsystem^ there will 
^ little incentive to update, to read widely or deeply in 
, tl|e field. Ih short* the horizon shrinks; employees will 
• take the lihe of least resistance. Obsolescence sets in. 
One of the most frequent compjairtls-of professionals- 
in industry is (he lack of time allocated 4n the budget of 
' w6rk time for updating — readihg professional journals! ^ 
taking courses, interfacing with other professionals ip tiie 
sime organization and otfrere. This is aiti integral mgreJ^ 
dient of career plannipg.; Furthermore, professionals 
would like to see their Work assignments as compatible 
with and in line with their abilities, interests and career 
goals; where company ^and individual goals e^nflt^, the 
former is apt to wki put ahjd the employe^ becomes a 
good c^ndid^te w obsolescence George and Dubin 
(1971) recommend that 20% of a professional's time 
should be allocatfed fo updating. ' 

There is often a* built- ip bias for youth in the makmg of 
job assignments The technical manager may frequently 
deal 'out the most challengmg Job to a young profe.s- 
sidnal, a more recent graduate with up-to-date knowl- 
edge and skills (Miller, 1974).. Senior professionals are 
thereby deprived of a, fresh chance to expand, update 
themselves' to meet tl\e . challenge. Instead, they are 
pusHed a little further in the^direction of bemg topped out 
or obsolete. « . " 

Recent Evidence on Age in Relationrto Ob- 
solescence 

The recent finding by "Price, Thompson and Dahon 

(1975) concerning age in relation to obsolescence has 
contributed significantly to a change in understanding of 
the competence of plder engineers. A previous study by 
Dalton and Thompson (1971) had reported that the en- 
gineer's performance as measured by supervisory ratings 
peaked in the ^ariy or middle thirties. Pelz and Andrews 

(1976) had set the peak in the forties. In the new study by 
Price et al., a longitudinal instead of the earlier cross- 
sectional study was carried out in which engineers were 
grouped in four age categories of ten years: 20r30; 
3(M0; 40-50; and 50 plus. 'Within each category en- 
gineers were subdivided on the basis of performance 
rankings into three groups of equal .size: high, medium, 
and low performers. The results showed that the high 
performers in the 'forty-year age group and the fifty-plus 
age group have higher average ratings than do the middle 
and low performers in the younger age groups. The, dif- 
ferences in performance are' greater within each age 
group than between them. Tho^e engineers in the top 
third of each age group were doing an excellent job in 
maintaining their competence. 

What differentiates the higher performers from those 
with lower ratings? The authors' most important finding 
was that certain job-ijlated factors a<; job complexity and 



challenge wcfrc strongly as>ociated with high per- * 
form^nce. The individual's performance rating corre- 
lated, niore directly with his type of work assignment than 
.^with his participation in college or in-house courses or - 
Vexing professional journals This conclusion is a hope- 
ful one because it suggests that obsolesceijce is not in- 
evitable and that age is not a major determinant of per- 
formance differences. 

THE UPDATING PROCESS 

A Model for Updating ^ 

During the past two decades professional updating in ^ 
engineering and science has increasingly become a topit 
of concern, Behind this emerging concern are two pres- 
sures, the growth of specialized knowledge and the sfate 
of environmental^ flux in contemporary organizations. 
Environmental flux, according to Hinrichs (h971), **is 
'evident in the increasing complexity of current 
technologies and organizations, the cltanges taking place 
in our society, and the many ambiguities faced by deci- 
sion makers in our society. High levels of skills, broad 
perspectives, flexibility and competence in the leading 
edge of the appropriate technology- are the hallmarks of 
successful enterprise in today's environment.--.This im- 
plies a need for^ professional updating." ♦ * 

Updating is i learning process. Learning is basically 
c^ge..Tt is a complex growth process facilitated by ^ ' 
numerous factors, among which the most important are 
motivation, meaningfulness, reinforcement, generaliza- 
tion, participation, coaching, experience and feedback of 
result^. Updating is a dependent variable resulting from a 
combination of psychological and work environment 
conditions. In the updating model presented here^motiva- • 
tion is the chief psychological component. But an indi- 
vidual's motivation is strongly influenced l)x his work 
environment. In the context of our model, work envi- 
ronment is described as consisting of five components: 
organizational climate, the work itself,, managerial sub- 
ordinate relationships, colleagu^ interaction, and man- 
agement policy. It is assumed,Therefore, that all these 
factors in the work environment will have some impact 
on the learning process which is updatfng (Dubin; 1974, 
1972a,b,c.). 

The reverse of learning is obsolescence. Obsolescence 
is a decremental process comprising both the loss of 
acquired learning and t^ non-acquisiti6n of new learn- > ' 
ing. This retrograde process occurs unless effort is*con- 
" sistently made to repair el^psjon and to stimulate growth. 

DeFmition of Keeping Up-to-Date 



When we speak of keepii 
sion we refer to sucli behavioi 
concepts, practices, theories anj 
one's field and allied fields whi 
one's organization. Keeping up-t 



to-date in one's profes- 
s making use of current 
points of view in both 
bear on the work of 
ate also means being 
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familiar with what others in the same /ield are working 
on, what problems they are drying to solve; what ap- 
proaches to Solutions they are talj:ing (NSF, 1969). This 
definition requires that the professional be conversaht 
with the latest technological, developments in his field 
and that he be able to use recently developed techniques 
to solve problems assigned to him. It -assumes that he has 
not overlooked significant implications nor. neglected 
signifijcant facts arising fron\ his worlc. Being current in 
his fieW enables him to translate theory into practice. He 
is capable of 'detecting new features in an environment 
and of responding to them effectively. 

In sumuiary, we descril>e1 the updated professional 
engineer or scientist as showing.the following behaviors: 
keeps current with advanced technology and knowledge 
in his field; effectively organizes and applies his knowl- 
edge in the perfonnance of his work; is current in recent 
developments outside his special field; uses all available 
sources of information in reaching, decisions; provides 
information that is accurate and reliable; contributes 
ideas relating to activities outside his immediate respqn- 
sibility; demonstrates ingenuity in solving problems and 
seeks methods and means of continuously improving iiis 
proficiency. , ; 



Self-Motivation for Updating ^ ' ' 

" Most engineers and scientists, especially those en- 
gaged in R&D*work, are aware that keeping current witli 
new technology and information is essential for main- 
taining professional competence. Only a 'minority of 
highly-trained professionals hold the opinion that the 
idea of raprd obsolescence in scientific and technological 
skills and knowledge is being overplayed (Dubin, 1975)^. 
Recognition that there is a problem— that knowledge is a 
perishable commodity— is the first step in the diretion of 
updating. 

The individuaFs motivation to update is a corollary to 
his motivation to perform well. Generally speaking, the 
same motivators which spuj him to improve his per- 
formance are those which motivate him to update. Some 
of the behaviors which are recognized as motivators are: 
interest and curiosity, achievement need, advancement, 
challenge, recognition, autonomy, and responsibility. 
These can be classified as intrinsic or self-motivators 
arising from the individuaPs personality and personal 
needs, as distinguished from extrinsic^ or external^ moti- 
vators which arise from outside the individual, or, m this 
case, from the work environment Motivational' factors 
arising from ttie »work environment will be considered 
later. 

/It should be poiijted out that while motivation is un- 
doubtedly an important variable in updatmg behavior, 
only a few motivation studies have been made to date 
which relate directly to updating per se. 

The close parallel between the motivation to perform 
well and the motivation to update is evident* in responses 



by scientists and engineers themselves in answer to the 
question: What motivates, you in your work? 

The most frequ&nt answer is: ^ ghallehgifig problem 
(Marqulies and Raia, 1967). Why? Because it arouses 
curiosity and interest. It has not been solved- Little in- 
formation is readily available about it. It /equires an 
innovative solution. It is on the leading edge.pf knowl- 
edge. It can lead to hew technological output. It means' 
freedom to explore, caifr>out my own ideas and initiative 
(Dubin, 1975). Obviously, the person who wishes to 
Jackie a challeitging problem for these reasons is one 
who needs and desires to keep -himself current with the ^ 
frontier of kno.wledge in his field. 

Shearer and Steger (1975) inv,esti^ated six dimensions 
of motivation in relation to keeping up-to-date. Five pf 
the six hypotheses were confirmed. ^ 

1. The higher the 'career expectations, the less obsoles- 

cent the person. ^ * 

2. Individuals who perceive a duty- to stay cifrrent spend^ 

more off-work time in updatmg activities in their 
field. N • • 

<3. People with a future time orientation spend relatively 
more time off work keeping up-t(5-d2Ue. 

4. High achievement need influences behavior to pre- 

vent or retard obsolescence. 

5. People with strong beliefs j^at they control their fu- 

ture have an orientation which tends to prevent 
obsolescence. , \k ▼ 

The Expectancy Theory of Motivation ^ 

The expectancy theory of motivation postulates that 
motivation consists of a complex combiniiion of indi- 
vidual judgments concerning the accomplishment of job 
goals and the immediate rewards or outcomes gained 
from these goal accomplishments. It hasV^ractical applica- 
tion to the updating prpcess. It a theoretical modfel of 
-personal motivation which sees an individual as behav- 
ing primarily as a function of the rational! forces within 
him. Applied to work motivation, it conceptualizes man 
as one who chooses to behave in a way w^ch maximizes 
his chances of acquiring Yuture desired TfeN^'ards. As a 
process theory it attempts to explain relationships among 
variables in a dynamic state. Th* theory 4oes not specify, 
the important variables which Impinge^on an individual 
tp create what is called **work motivation," Rather it 
provides a theoretical structure to describe any cogni- 
tivelye controlled 1)ehavior — withinr any set of 
individuals — not just professionals. The most important 
characteristic of expectancy theory is its fle^flibility, the 
result of its process nature.. 

Another approach to understanding the #idividual's 
motivation for professional lipdating was advanced by 
Porter (1971) making use of expectancy theory. Accord- 
ing to Porter, the professional evaluated different kinds 
of potential rewards'* and sel^cte^at combination of re* 
wards which is most appealing to him. **From the moti- 
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vatioiSal theory standpoint^ ihis. would utilize high va- 
lences of outcomes to increase each individual's overall 
^ • motivatioji to exert effort in this particular direction— 
. engaged in updating activities." Porter presented a , 
• number of provocative hypotheses that require testing: it ' 
must be clearly^demonstrated to the employee that his 
effort win lead to effective updating perforbiance; ^ub- 
goals' for updating should be set which are obtainable and 
identifiable for the individual; organizational emphasis 
should show that upd^tipg is an important activity; the 
.reward value of updating behavioi; should^e^ ermanced 
by tying it to other more obvious organizational rewards 
su^h as promotion and salary. , . " 

Hinrichs (1971) reported the results of the applic^ion 
^f two theoretical models pf motivation — content and 
process— 40 the problem of skills updating in a'Jarge 
technology-based organization. He found that higher- 
order content'needs based on Maslow's need hierarchy 
model were not substantiated. He Concluded that the'ex- 
pectancy process modelseemed more predictive of skills, 
updating. *^The^re,>^ard system of the organization is the 
individual's perception of the outcomes that will accrue 
to him for updating behavior. This is significantly related 
to the effort which he devotes to updating." Mclntyre 
(1977) relates how expectancy theory can- be applied to 
updating ii) three ways. First, the theory dictates that an 
individual's goals should be elicited from the person 
himself. The same set of goals should never be assumed 
to be had by all. If management discovers that a p^ofes- 
sioiial is not aware vof certain ^tenlial go^ils of the or- 
ganizatioa, it cah intervene and make the goals known to 
him. Second, the organization must determine the impor- 
tance ... oT a set of goals and the-perceived likelihood 
(expectancy) of the occurrence of a set of goals by prob-\ 
ing at the level.of the individual professional. Once again 
the organization may intervene to try to influence an 
individual's valence or expectancy jjt a particular goal. 
Third, because it is a process theory, it allows the or- 
ganisation to be flexible in its outlook towards its profes- 
sionals. There is no need to establish a specified set of 
goals and outcomes for all. At the same time,' the theory 
does not invalidate^ the existence of a set of common 
goals. Finally, the organi^tion can use expectancy theo- 
ry as a tool with which to diagnose the individual's ob- 
solescence. The theory provides the organization a 
means of asking the important questions 'aimed at the 
followi^ig, logical sequence of theoretical concepts: ulti- 
mate goals, instrumentality, valence, expectancies, and 
behaviors. This is thf most valuable aspect of expectarfcy ,^ 
flieory — its ability to stimulate the appropriate set of 
questions. 

Goal Setting ' * . . 

Keeping up-to-date can be stimulated through goal- 
setting activities*. Management by objecrivesis a mutual 
goal-setting method used between managers and subor- 
dinates. The' technique aims to elicit commitment and 
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effort, Locke (I9j58),has demonstrated that individuals * 
who set hard goals will produce at'higher levels of per- , 
formance than individuals who s^ easy goals; and that * 
^ individuals who set specific^goals produce at higher 
Jevels than individuals who do^ot set goals or who are 
told to do *'{heir best." In performanq^ appraisal situa- 
tions, the process of setting down and formulating mutu- 
ally agreed upon performances and explicit updating 
goals may increase effort to accomplish the goal of keep- 
ing up-to-date. ^ - 1 

Work Environment . . ' ^ ^ 

The work environment for most professionals is an 
organizatic5ff. The climate of the organization in whic|i*an 
individual works can be a positive motivator fprUpdatiog 
or it can be a demotivator which ultimately prpduces 
obsolete* workers. 

Organizational Climate . ^ ^ 

Pritchard and Karasick (1973) \edefined organiza- 
ti6na1 climate ba^ed on ^ number of previous definitions: 
Organizational climate is arelativcly enduring quality of 
an organization's internal en^ironihent distinguishing it 
^ frorii other organizations; (a) which results from the be- * 
havior and policies of members or org^ltjizations, espe- 
cially top management; (b) which is percej^ed^by mem- , 
bers of the organization; (c) which ^serves as a baste for 
interpreting the situation; and (d) acts as a soui€e of 
pressure for directing^acttuity. , « ^ 

Updating beh^ior t^y professibnals is strongly influ- 
enced by thej)rgahiza]ional climate in which 'they^Xvork. 
Organizational and management jDractices affect motiva- f^, 
tion, condition attitudes, and shape ,the behavior of ' ' 
members of the organization (HoUse and Rizz6, 1972). 
Campbell and Dunnette (1968) have identified a high* 
organizational elimsfe aS having some of the following 
characteristics: (a)achievement— a desir^of the groupto 
do a good job an^ contribute to the performance oftRTT'^^ ' 
.Qompany;^(b) concern for excellence — degree to which 
the group is cbncfemed .with improving individual per- 
formance, being flexible, innovativcvand Competent; (c) 
problem-solving emphasis— extent td^whicl) the group^ 
anticipates and soIves^ problems related to group furic- 
tioning; (d) reputation — organization reflects- staftis arid 
reputation of individual's work group as compared' with" 
other work groups; (e) training opiJ>ortunities— degree to " 
which the organization provideS'traininVfor.mdividuals; 
(0 atmosphere — decree t^hich supervisory^ generate a • - 
supportive' and friendly* atmosphere; Cg> initial job ^ \' . 
orientation— individuals ^re informed of what to e^pecjt * ~ 
when they first start Qn the job. " " ^ ' t - ^ - 

Organizational climate is a major factor in niaintaining - 
the technical vitality .ofVofessjonar wcnJcers. Corporate 
policies ar\d practices as irnplemented by managerpent 
"create the worknjg environment.^The environment can 
stimulate growth, mnovatiiMi, and updated ^>ro*fessior^als. 



• or it can stunt growth and stifle creative effort so that 
men work at less than their full potential. A vital organi- 
zational climate is 'characterized by high productivity, 
Sense of purpose among its employees, sense pf personal 
opportunity, feeling of accomplishment and excitement,"^ 
The climate that offers the potential for recognition and 
reward, openness to change and new ideas, strong cSn- 
tact with new developments, and out«)ide the organiza- 
tion is one which fosters updating (Dubin. 1975). 

" Management Policy in. Updating 

A company should have a written policy statement that 
requires updating for its employees. An -example of such 
a policy statement is that of the S^andia Laboratories (Ap- 
pendix I). Many companies have educational assistance 
• funds that reimburse employees who complete education 
courses, but few companies make continuous updating 
mandatory. In our study of engineers (Dubin and Mar- 
low, 1965), 79% reported that their companies had edu- 
cational assistance programs, but three fourths of the 
engineers reported that this availability had no effect in 
motivaUng them to undertake additional course work. 

* Similarly, in a sWy of natural Tesource managers and 
scientists (George and Dubin, 1971) 527c indicated that 
existence of a policy on educational assistance did not 
motivate.to undertake further education* Yet 83% of the 
same group considered keening up-to-date important and 
80% said that their job performance and job competence 
increase'd as a result of participation in continuing educa- 
tion. Only 50% of the natural resource managers and 
scientists felt that the organization rewarded them for 
their participation in* continuing education. Xhe main 
reasons given for lack of participation in further educa- 
tion are lack of time, pressures of family arid the job, and 
the fact that the job does not demand mgre education 
(Dubiivand Marlow, 1965) (George and Dubin, 1971). 

W. E.Wilson (1969), a vice president at General 
Motors, warned that ''engineers who ignore the meaning 
of technical obsolescence become technically obsolete, 
because then they approach problems with outdated vie\<'- 
points, theories and techniques.'' While he stressed 
that the individual must be basically responsible for his 
own development and updating, he pointed out that the 
employer has an equal responsibility to provide J[jie envi-' 
ronment-^nd incentive to encourage the engineer that 
thefeds a premium put oti up-to-date education. '*That 
premium is going up for the man who is fluid enough to 
adjust to change. We must make the engineer aware of 
his needs and help him plan to meet them. We must let 
' one engineer kng.w tfiat his one formal brush with educa- 
tion is not going to be enough and that he should expect 
to reevaluate ^Continually 4nd reeducate himself two or 
three times in his lifetime." this is an explicit' statement 
of tnanagement policy that specifically shares thQ burden 
, between the individual and the organization. If technical 
obsolescence is to be minimized then the organization's 
commitment to the management of change and develop- 
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ment of people must have to^ managemejit approval arid 
implementation. — > 

Anders (1976), a Texas Instrument persopnel^man, 
states his company policy: "The company has specific 
corporate goals and objectives that it must meet. One 6f 
these objectives is to ^create a working environment 
where all. individuals are motivated to participate in the 
achievement of company goals through the piTrsuit of 
their personal^goals to the maximum possible extent." 

A. G. Anderson (1973), vice president and director of . 
research at IBM, state>i a management policy aimed ip 
put new life in R&D: ' , ' 

"We appejir to be entering a period where emphasis 
will n^^dwbe placed on policies which maintain the 
. mtHlJectual vigor of the staff which is in R&D now. 
Such policies must address the issues of making the 
organization better through capUalization on its expe- 
rience and strength while presenting and extending its 
vitality. Some individuals will not ne^ed help to remain 
intellectually alive. However, thousands of others 
would be benefited by policies designed to maintain 
^ intellectual vitality. Those policies must address issues 
of individual and group productivity, intellectual re- 
ceptivity and opeijness, broad contact with all perti- 
nent science and technology, and continuing efforts to 
educate and be educated. The growing strength of 
R&D outside the U.S. makes the mandatory. -broad 
eff9rjs to maintain contact on a worldwide basis.'' 

Anderson proposes to do this through: an extensive 
visitor policy to provide continual contacts with, people 
with new insights .and experiences as consultants, fa- 
culty, etc.; aggressive efforts thr9ugh training to keep 
people up-to-date; special efforts t<^ insure that* organiza- 
tions provide opportunity to ideas and people^ and an 
organizational policy to develop their best men not only 
intemally^but externally. 

The NSF (1969) report concludes its study of organi- 
zational policies and practices by noting: 

The three key points in top laboratory management 
* philosophy of continuing ^ucation are: management 
accepts the responsibility to provide at least some op- 
portunities for scientists and engineers in the R&D 
work force; management expects R&D employees to 
keep themselves up-to-date, particularly in their own 
fields of specialization; apd, finally, management ac- 
cepts only limited responsibility for motivating the in- 
dividual.. Managements which provide opportunities 
for continuing education believe that those who do nor 
take advantage of them are not worth attempting to 
salvap. The initiative is left to the individual. 

Thompson anJ'Dalton (1976) have formulated a 
career-stage model in an R&D or^ization that helps 
explairi the difference between hJgh^nd low performers 
at different age levels^ A close analysis reveals that the 
more'effective organisations have policies and practices 




more consistent with the concept <^ career stages. They 
identified a number of managemem^policies that have 
interfered with the updating process and contributed to 
/Obsolescence. These are: 

.\pevaluation of the technical contribution of the en- 
r< ^ineer: *in engineering organizations the reward sys- 
tem isdesigned to provide an incentive to the brightest 
people to move out of technical work and into man- ♦ 
agement as fast as possible.** 

Management stryctures that overemphasize product 
' planning: **The domination of product planning over 
career planning contributes to obsolescence. When a 
project ends engineers find their skiJIs obsolete and 
unsalable. An obsolete organization is a major^ cause 
. for creating obsolete engineers." 

Cost systems that work against career development. 

Inadequate manpower planning. 

An organizational approach, that. facilitates the updat- 
ing of the personnel is.matnx management. Under (his 
dual system each professional has two bosses — a project 
' or technical manager and a functional .manager. The 
, technical manager worries about getting the task com- 
pletedahe otber worries about staffing, job alignments, 
updating of personnel, etc. The functional manager ha^ 
the resJ)onsibility for the. career development of the en- 
gineers in his group. If a person has been working in a 
' narrow ^cialty too long, the functional manager has tfie 
power to move him into a new area to help him develop 
greater breadth. This type of management policy does 
not leave tjiiiiiipdating process to chance; iHs integrated 
into a career development program. 



Techn^al Vitality 

Miller's (1977) vitality concept is an experiment in 
management policy to reward updating It has as one of 
its objectives the redesign of the- working' environment, 
^ the work mid rewards to improve the performance of 
scientists and engineers. Its intent i^ to improve the 
capacity of the environment to provide learning and 
growth^ opportunities and appropriate rewards for • 
.growth. 1>ese activities enhance updating and^ minimize 
-^solescence. Similarly Anderson's^(l973) efforts at 
IBM to put new life into R<S^b is directed to the redesign 
of the organization climate dimension. 

Miller (1974) uses the term technical vitality as a short- 
hand way of describing a set of activities designed to 
Help engineers and scientists beccAne more productive. 

describes three .combined conditions which affect vi- 
tality: rapid advances in technology that lead to a form of 
human obsolescence; slowed personal growth Ijgading to 
aging in professionals— twhich raise questions about the 
decline in productivity and the need for extending it; 
reassessment- of the^ value and cost of technological " 
progress**~this creates questions about motivating en- 



gineers and the quality of an engineering education. He- 
believes that technical vitality is the key to future produc- 
tivity of scientists and engineers. Further, he describes 
the technically vital engineer as one who is able To"work 
effectively at the frontier of his field by contributing both * 
to- increasing and applying knowledge that inriproves 
equipment and systems. 

Miller (1977) has revised his thesis ibr improving pro- 
ductivity and personal commitment by introducing the 
quality of life concept. He has broadened'considerably 
the use of the behavioral sciences in attacking both pro— ' 
ductivity and person commitment by emphasizing the 
psychological requirements of Itork as: challenge, 
greater personal decision involvement, continued stimu- 
lation to learn, social support in the work environment, 

and a job that leads to a desirable future. In this cpnteXt', 
he defines vitality as the desire and ability <n:) 'perform 
effectively, and vigorously^in life and at' vC^rk and to ^ 
derive personal growth and satisfaction from life and 
work. The foipe behind this effort is the condition that 
m^^wgement is under pressure to improve output and 
reduce costs and is simultaneously pushing hard for in- 
- novation and new products. ^ 

Miller suggests tKa^ for the engineer to be turned on to* 
his work he mu«t feel a sense of pei)sonal contribution 
and growth. He suggests a series of steps for improving 
the working enWronment and (commitment to growth and 
development: * < 

1. Raise the value and priority of continued learning, 
growth, and personal vitality in the work environ- 
ment. 

.2, Find out what causes engineers to grow throughout 
life and then provide a bettor growth environmenu 
This may involve the redesign of organizations, 
changes in styles in management, and' rewards. 

3. Define professional productivity and describe its 
elements in a way that makes it possible for en- 
gineering managers to talk about i,t and manage jt. 

4. Encourage engineers to increase their self under- 
standing so that each individual can^maximze both 
this contribution to organj^ational .goals and 
satisfaction he derives from^ijob. 

To accomplish these overall goals, a number of im- 
provement strategies at both the individual and corporate 
level have been initiated at IBM. 

1 . Raise the value of personal growth. To accomplish 
^ this goal IBM set up two committees: one to obtain 

management's iinderstanding and involvement in * 
the problem, and second to elicit..specific action 
proposals. / ^ 

2. Redesign 'the organizational environment, work' 
and rewards., The intent here is to improve the 
capability of the environment to pipvide ]^^^mf, " 
and jgrdwth opportunities through job rotation, job 

' redesign, and inereasing continuing education of- 
- ferings based on need. * 
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3! Impi'ove understanding of producti'^ty. fcom- 
prehending the productivity of the knowledge 
worker— the engineer or scientist, is one of the 
most cimplex tasks. 

4. Build sejf-confidence and understanding. Increas- 
ing self understanding naakes rt possible for the 
individual to represent himself more effectively at 
the interface and^gotiate for improved congru- 
ence between the ii^vidual and the organization. 

Miller's program represe'nts sonje of the most ad- 
vanced applications of the behavioral sciences to the up- 
dating process. It should be watched with great interest 
by all organizations. 

Branscomb (1973) describes two key attributes of a^ 
vital technicafstaff member: adventurous and inquiring 
attitude, and a sense of professional accomplishment.. 
Other indicators of vitality mentioned are: evidence of 
intellectual competitiveness with peers, professional ac- 
tivity, and publications; self confidence, as evidenced by 
vigorous, well prepared defense of ideas; willingness to 
use good ideas of others; willingness by managers to hire * 
and promote young people who are mbre able than they 
are; entrepreneurial in spirit aTid willingness to take risks 
as evidenced by courage to bootleg projects^ to champion 
unpopular concepts and be willing to do battle with mar- 
ket forecasters for truly new products. A person whose * 
behavior is similar to the ones described above cannot 
help but keep up-to-date. 

Thompson pnd.E^alton ( 1976) "conclude that in 
technology-based organizations the mo^t critical factor is 
the development and maintenance of an up-to-date and 
motivated work force. They recommend three broad 
areas in which managers can make improvements and 
thus avoid an obsolete organization: 

1. Reward technical contributions by paying for per- 
formance, not position; seek inputs in decision 
making from scientists and engineers; increase the 
visibility for contributors by giving recognition for 
accomplishments. 

2. Reduce barriers to moveme^J^y limiting tenure in 
supervisory positions; revise cost accounting pro- 
cedures so that senior people are not excluded by 
accounting procedures from working on projects 
us^fg new technologies;' more effective use of lat: 
•erjl transfers. 

3. Focus on careers: use matrix organization methods 
to insure career development; provide semiannual 
manpower review to assess career professionals; 

, • ^d career monitoring tonsure new assignments 
every four years. 

f A Challenging Job— Its Relation to Updating 

MarguHes and Raia (1967) asked researclTand de- 
velopment scientists and engineers, "What was the most 
fruitful learning experience you have had over the past 
year or two?** The most frequent response was on-the- 
job problem solving (42%). This was described as being 




assigned to * interesting tasks,'^"broadening projects,'' 
and "writing proposals which force me to dip into the 
literature and become jairrent on everything connected 
^with the project.*' When on-the-job activities include 
challenging assignments, the exploration of new tasks 
epables scientists and engineers to assess their own 
knowledge and fill in gaps and deficiencies. 

Challenging jobs £rp^ide learning experiences that can 
be interesting, even ^xiiting. They provide experiences 
of success .that play an important role in motivating an' 
individual to keep up-t(>date and grow professionally. 
Responsibility, job involvement, and chaltenging'work 
assignment all contribute to the first steps in continuing 
education— awahenes of needs and individual motiva- 
tion. 

Pelz and Andrews (1976) reported some findings 
about scientists and engineers in their job functions. The 
more kinds of research and development functions the 

^slkntist is engaged in, the better his performance. 
Maximum performance seems to occur with four to five 
Junctions. To stimulate updating and build diversified 
skills in scientific personnel, Pdz and Andrews recom- 
mended: 'The next time you need to probe a specialized 
area, give the job to a man (or a small group) who is 
working in a related area. Don* t givfe the job to a man- 
who alre^y is a specialist in that area. The man^ in a 
related specialty, will dig into the field with new zest and 
excitement. He will develop fresh ideas that experts in 
the area would.overlook.'' 

^ A challengine^nd meaningful job is critical to keeping 
the engineer itHfc^- However, a (lumber of on-the-job 
conditions, job^essures, and heavy w^orkload^no time 
allocated in the daily budget for reading journals, etc— 
i^rfere with the professionaPs abiUty to keep current in 
h^field, to further his education, arid to perform his job 
more adequately. Engineers who work on' routine 
production jobs express the need for more interesting, 
challenging, and more significant work, fn fact, en\ 
gineers consistently point out that- 50-90% of their work 
is routine and could be more easil^ done by a technician 
(Dubin, 1975). Ritter (1971) reported that tHb lack^f 
^opportunity to p^rk>rm meaningful work is at the root of 
widespread frustration and dissatisfaction among en- 
gineers. 

When engineers were asked to describe various as- 
pects of their job, less than 50% o£the engineers agreed 
with the following statements: my job is technically chal- 
lenging and broadening; my job makes use of my skills; 
my job measures up to what I want out of a job; and my 
job forces me to work up to the limits of my ability 
(Dubin, 1975). 

Bray*s (1975) study of AT&T managers reports a sig- 
nificant fmdmg. A challenging job is of great importance 
to maintaining managerial motivation and serious effort 
should be fflade to expand -the scope of the m'anager's job 
to fit his ability. Jobs which provide challenge, a sense of 
achievement', responsibility, and accomplishment pro- 
vide a basis for continuous self-d&velopment. * 
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* Shearer and Steger (1975) tested three hypotheses re- 
lating the work experience of engineers and managers^ to* 
obsolescence. All three hypotheses were^ positive. They 
found that varied- job assignment provided oppprtunities 
to use and maintain previously learned skills and for 
increasing a person's exposure to new developments and 
■'ideas. The second hypothesis stated: the less a person 
feels he has used his skills, the more obsolescejit be is 
likely to be. Their findings show that the more a person 

• is Willing to invest'the time anS effort to develop new 
skills, the less likely he isjo become obsolescent. The 
third hypothesis^dealt with participation in decision mak- 
ing. Perceivyi participation in decision making^ was 
found, to -be tTie best predictor for keeping c^irrent and 
pfe^entin| op retarding obsolescences , 

Hackmari and Lawler (1971) have utilized job design 
as a method of enriching jobs Job design refers to a 
deliberate purposeful planning of a job, including 'any 
and all of its structural or social aspects. Job enrichment 
> attempts to make the job more challenging and interest- 
ing, by adding the following dimensk>iis: skill variRy; 
task signifrcance; task. identity; autonofrty and feedback. 
A professional is motivated to work more effectively on 
a job that allows him to feel personally responsible for a 

. portion of the work, provides outcomes that are intrinsi- 
.cally worthwhile, anji provides feedback on what is ac-^ 
complishjed. 

^ Susman (1974) offers four job enrichment suggestions 
which can contribute to the reduction of underutilization 
and'misutilizatign of engineers: the partition' of projects 
into modules of subtasks which represents a psychologi- 
cal whole and a contribution which the engineer can 
identify with; the use of horizontal rather than vertical 
decision nodes as a means of introducing greater eqttality 
in the decision making process; the authority for the 
•supervisor and his subordinates within' each module to 
make appropriate decisions rathef than the pvpjftt marr- 
ager who iyseveraJ levels higher and allowing engineers 
to participate in decisions beforeNhe fintrf design is ap- 
proved. Sueh involvement gives )he engineer a larger 
piece of the action in the organi^^ion His responsibiiity . 
motivates him to insure that he/maintains his competency 
in his field. "^^^ * ^ 

The Supervisor's Role in UpNdating 

The supervisor or technical manager plays a crucial 
role in the professional developmentof his subordinates 
especially in updating, and continuing education. A. 
study by the NSF (1969) found three septate styles of 
supervision in R&D organizations employing scientists 
and engineers. Thfe study classified the sqpervisors by 
the manner and degree to' which they stimlilate and at- 
tempt to motivate their subordinates to engage in con- 
tinuing-^ducation; ^ ' 

. The ^'Administratpf' is ^riously concemed with im- 
plementing management policy including policy con- 
cemed with 'continuing education, and tries to arouse the 



, interest of subordinates in whatever employer-sponsored 
y activities are provijjed. 

The ^innovaipr'' is vividly aware of the potency of 
new knowledge and.of continuing education an<l regards 
these activities as central to his supervision ^f others. 
The Innovator is afert to opportunities to create continu- 
ing education activities in addition to pushing those 
sponsored by management. He is^ sensitive to the con- 
. tinumg education jieeds of lys subordinate and iCeenly 
. perceptive of the resources available in the wider com- 
munity, both which do and which don't fit the§i needs.' 
fiis enthusiasm for continuing education is such that he 
will contrive and create both stimulation afhd utilize such 
resources as specific workshops, courses o; special 
seminars. *He sees these technicjfiies as a way to keep his 
staff at the frontiers^of knowledge by incorporating the' 
latest available knowledge into easily digestible and ac- 
cessible form. 
The ^^Inactive'l type of supervisor is basically passive 
' and non-committal in his attitudes. Because he conceives 
of self-development (and continuing education) as a re- 
sponsibility of the employee apart frora the working en- 
vironment, he. neither stimul^t^s subordinates to pursjue 
additional knowledge nor initiates continuing education 
activities on their behalf. He is aware of, and depjfores, 
^ lack of motivation shown by particiilar individuals, 
^ui he undertakes positive ackon'ohly if the^eiriployee 
takes /he initiative and the activity is within *the 
framework of existing policy. He wil^ make pious state- 
ments about the desirability of continuing education, but 
iafact he subscribes fe|(hV fatalistic and resigned ^ew 
^ of peopli^ and, indee^f leadership. 

^or to the NSF ^ti^ quoted above, Dubin and Mar- 
low*(1965) re^m^that 64% of 2,094 enf neere indi- 
cated that their ^fpeWisors took a non-committal attitude 
. ' tovqj^ their education and developmejityCorroborating 
, evidence of the Dubin and Marlow findings is found in 
thq^NSF (1969) study, where almost hal/of the engineers 
and approximately one-third of the ^i«ntists * reported 
attitudes of non-interest in-th^ professional develop-, 
ment by their supervisors. ^|^ilarly, 42%^ of 5,598 
natural resource managers and Scientists reported that 
the^r supervisors were non-committal ^o their growth and 
developmeht (Georgd|frd Dubin, 1971). Landis (1969) 
iiran indostrial study of engineers asked, **How do^ 
your immediate supervisor feel about further job-directed 
education and training?'' Thirty-seven percent replied, 
"not encouraging at alP'; 47%, **somev^{hat encourag- 
ing;'' and 16%*, "very encouraging. " He concluded that 
it is the immolate supervisor that counts iA the de- 
velopment of subordinates, "If th^^oss does not encour- 
age a man, he will not take further course work/' 

Far more serious and frequent are the barriers creat^ 
by supervis^ pressures for immediate results. Daily 
pressures are stressed to the e>^clusion of any ability to 
concentrate pn what may be required for tomorrow. 
Competence is definred with respfct to the present, not 
the future, s^hat little if any support is given to self- 



development efforts .beyond the employees presently de- 
finc^chhical specialty. Under these working environ- 
nients, profess ion,akpbsolescence is virtually certSain. 
^Frequently these, JupeVvisory' practices reflect organiza- 
^ tional reward norms, policies to the contrary. Many or- 
ganizations base rewards on short term. results which 
. . secifi fo imply |hat personal development efforts should 
occur before joining or at least not on c(vnpany time 
. (Miller^ 15^2). These findings would suggest that the 
pressures of the^Job as e^^ed by supervisors m^y hinder 
^ tKe engineer's'se^f-d^velopment even if the organization 
h« ti^licy to provide educational updating. 

Most engineers believe that the development \)f their 
professioTial com'pete^nce, though b.asically self- 
t motivated, can benefit from the guidance and support 
provided by . experienced and technically cpmpetent 
first-line supervisors. But many engineers^ believe that 
management in its policies and priorities does not place a 
'^^high enough value on professional developments and 
career goals of its engineers. In terms^of performance 
appraisal, rr^any engineers feel that their supervisors da 
^ not gN'e'them a detailed performance review on a regu- 
, larly scheduled baM« to .discuss with them their.specific 

^ strengths and weakrresses. ' , ' 

Engineers proposed numerous suggestions on, how 
supervisors can develop ^nd updaje subordinates: estab- 
lish good rapport and providers sljpportive atmosphere 
, for ttfe group; establish twp-w^ay communications; pro-^ 
vide feedback on day.-to-day performanee;-d6 regular and 
thorough perfo]rman6& appraisal and coaching;Vshow 
tolerance of ocsaSional mistakes^ as fAl pf the learning 
process; assign J[obs th* i!ivx)Lve added responsibilities 
and variety,- as Well'^s extend) the boundariesvof knowl- 
I edge, technology and experience; provide recognition 
and reward fc^ superior performance,^all^w.partlcipati0n 
by enginerfS in design decisions;Jive eqjgirneers the ai^- , 
thority ai^d respect approjniate to his professional stand- 
ing (Dubia, 1975-). ^ • ^ - 

Pelz and Andrews (1976) report a study *df 21 small 
teams in a NASA research center. Tbey jrepdrt that 
human reFafi^s simTr mattered^ little, ^nriovations oc- 
curred under supervisors who kno\^the'technic;al Retails 
of their subordiij^te's work, coilld critically evaluate that 
work, and could influence wor^ goals. ^' ^ ' 



Colleague Interaction ^nd Updating 

^* A stimulating organizational environment which pro- 

vides opportunities for peers to interac; pro mot^^ learn- 
ing, innovation, artd the developn^ent.o^ ideas. Learning 
^ Experiences qome from interchange with colleagues, dis- 
cussion with managers and experts, talking with col- 
^leagues from otR^f- disciplines, or participating on panels 
and committees. K^^r^ ' ^ 

Colleague interaction ij^ne of tHe preferred methods 
of engineers for gairting needed information.^ 
^osenbloom and Wolek (1970) conducted a study on the 
^ flow of technical information in engineering and scien- 



tific groups in industrial laboratories. They studied 
technology transfer— how new knowledge that originates 
in one place gets communicated and used* in another 
place. Tliey found that most inform^ion that engineers 
in industrial laboratories acquire comes to them by word , 
of mouth from colleagues and locaUources. 

They described two types of professionals working in 
laboratories, each with different personal characteristics 
and scmrces of information. The people who use sources . 
outside the laboratories tend to comprise an easily de- 
fined group who publish papers, attend professional 
meetings, have higher education, and work on more 
basic problems. They belong to professional organiza- , 
tions and report a lot of oral communications with other 
professionals employed in organizations outside their 
' own. The other group go to meetings less frequently, 
rarely publish, and get their information by talking to 
people in their own location. A person in this group talks 
to the boss, the man in the next department, to marketing 
people, and production people. He keeps up-to-date by 
talking to people in other divisions in his company and 
by reading trade magazines. The existence of an organi- 
zational climate that encourages interaaion amon^ col- 
leagues, superiors and subordinates, cannot be over- 
stated for this group. Much learning occurs through* in- 
- formal discussion and consultations. 

In the acquisition an4 transfer of knowledge 
Ro^enbloom and Wolek (197Q) report two different . 
modes: the use of interpersonal relationships between 
knowledgeable persons aad the use of professional litera- 
• ture. Engineers rely heavily on interpersonal communi-* 
cation with pfegplc in pther parts of their own corporation 
while interpersonal communication by scientists tend to 
be with individuals 'employed outside their own corpora- 
*»tion. When using documents engineers te'nd to consuh 
^ reports in* trade publications,* while scientists make ^ 
greater use of professional literature and written sources 
of information. , . 

' Colleagues are important sources of information. 
Often the most'up-to-date information is available froiji 
felloW engineers. Ip a large organization young en- 
gineers initially seek out a mentor in a more experiericed 
. engineer. Co-workers ard sources for aoswers to , 
emer^gehcv questions. Face to face discussions are 
considered^ by engineers to be more productive and 
speedier than searches of the literature. Colleagues trade ^ 
information, questions and answers freely. They teach- 
each other, exchange tips and (uggest warnings about 
pitfalls which my be encountered' on certmn kinds of 
assignments (Dubin, 1975). . 

Engineers and scientists look to iheir colleagues within 
their wording unit for approval and recognition for a job 
well done; especially if this recognition is not forthcoih- ' 
^ing from the immediate supervisor or higher manage- 
ment. They are motivated by the desire for ajjproval bf 
their peers 'and to keep up with their peers. ^ ' 

The degree of interaction andi:ommunication among 
colleagues was vividly described by one engineer, **We 
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are constantly moving in interlocking circles." The chief 
complaint that engineers have in respect to their col- 
leagues in the job is that they do not have enough time 
for job related discussions with their peers. More than 
75% of engineers responded affirmatively to each^f the 
following questions: " 

Agree that engineers have the opportunity to discuss 
technical and other problems with colleagues on the 
job. 

Agre^ that colleagues on the job help to identify perti- 
nent sources of information. ' - 
, Agree that colleagues assist the engineer in approach- ' 
ing and understanding a problem better. 
Agree that colleagues provide the .engineer with in- 
formation on what approaches have been tried by 
others and whaU^sults have been obtained. 
Agree that colleagues can help an engineer to confirm 
the best approach and improve his ability to decide 
on a problem (Dubin, 1975). 

Pelz and Andrews (1976) found a positive relationship 
between coUeague contacts and performance even*when 
differences in experience, supervisory status, are taken 
into account. How can colleagues enhance performance? 
**One way is by providing new*ideas— jostling a man of ' 
his old ways of thinking about things. But colleagues 
/ may do, much mor^.-Spmetimes a colleague may knQw 
^ * something another man needs to know." 

**Then there is the possibility of a colleague catching 
an error which the man himself is too engrossed to see. 
Still another way colleague contacts may help in keeping 
the engineer and scientist on his toes — like providing 
some friendly but real competition for promotion or rec- 
ognition. Frequent contacts with many colleagues seem 
more beneficial than frequent contacts ,with a few col- 
leagues.- Similarly, having many colleagues both irfside 
and outside one's own- group seamed better than having 
many colleagues in one pl3ce and just a few in the other. 
Set up teams, committee evaluation groups, Idnch 
gatherings, but I^eep'the situation loose. After all, the 
^ goal is good communication between individual men, 
not a complicated or rigid set of formal meetings. One w 
important thing that you can^ois to n^esure that men 
^working in related areas are aware of each other's ac- 
tivities, interests, aijd problems. If this condition is met, 
your men can themselves see the contact which promise 
to be usefuf. V* 

In short, contacts with colleagues provide intellectual^ 
stimulation, new ideas, a lot of error catching, coordina- 
tion, and^eveh some needed relaxation. These are the 
kincjs of activities that foster updating. 

Schwarb, Goldhar, and Gambino (1976) report some 
interesting ideas regarding the nature , source and "flow of ^ 
important information used by innovators in the chemical 
industry. A large number stated that the open literanire 
was their niost important source of mformation. Yet a 
suiprising 80% got their important information by listen- 
ing, not reading; and a third reported that the key ihfor- 
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mation was readily .available in the industry^ Second, 
internal sources are much more fruitful than- external. 
Finally, informal communications channels are three 
times more commonly used than formal ones. ' . 

The updating process which we have been examining 
i& necessary and complex. It requires the combiped 
forces of individual motivation and organizational sup- 
port. The common goal is to preserve and promote^one of 
our most valuable resources — the talents of highly qual- 
ified engineers and scientists. 

\ \ 

Recommendation for Active Intervention 

A Pilot Project: What Management Practices Can 
Reduce Obsolescence In Scientists and En- 
gineers? 

>, A number of common management practices have 
been suspected of contributing to obsolescence in scien- 
tists and engineers. Some of these pra9tices which con- 
cern work assignment are: underutilization, misutiliza- 
lioni and overspecialization. Concerning motivation for 
improved work performance and updating, certain prac- 
tices appear to have a stifling effect: failure to'ftward 
innovation and excellence rather than position,, not al- 
l9wing participation in decision making, not granting 
responsibility or a degree of autonomy, not allocating 
time in the budget for updating and career development. 

I recommend that the NSF sponsor a pilot projett to be 
developed and installed in several cooperating industrial 
or governmental organizations. The project will have as 
its objective to test the effects of certain improved man- 
agement practices against a set of identified criteria. 

Pqfsonnel practices which coutd be tested: revising 
cost accounting procedures so that senior professionals 
are not excluded from working on new projects with new 
technologies, limiting tenure of supervisors to an agreed 
period of three to five years, more frequent lateral trans- 
fers, use of matrix organization to test career develop- 
ment, semi-annual performance reviews with emphasis 
on professional development, reassigning professionals 
at four-year intervals. Prerequisite would be the approval 
of top management and the training of managers or 
supervisors in specific behaviors and procedures. 

The evidence derived from this project would make it * 
possible to demonstrate the applicability and transfer of 
techniques to other similar organizations. " 

Recommendation for Active Intei^enticm 

A Pilot Project: What Management Practices Can 
Extend the High Performance Years of Older 
.* Engineers? <^ 

Approximately half the working engineers in the 
United States at present are over forty years of age. 

213 . 



Demographic studies indicate that the prqp9rtion of older 
workers in the total work force will be increasingly larger 
in future years. If technology continues to expand and 
advance even at its current rate, we may expect that older 
engineers in the future will be unde^irtcreasing threat of 
becoming obsolete in their skills and knowleidge in the 
latter part of their professional careers. If the prospect for 
the individjjal engineer is bleak, it is all the mord 
threatening to industry and national economy for which 
•thie skills of professional workers are the most valuable 
capital investment. The magnitude of the problem may 
be perceived graphically by visualizing the approxi- 
mately 500,000 engineers who are in the category of 
^forty-plus, or **older engineers" today. 

I recommend a pilot project designed to retard or pre- 
vent obsolescence in older engineers by the apj^lication 
of specific management practices. The project would be 
in every respect parallel to the previous project except 
that the subjects in the sample would be restricted to 
engine'bi;^]^the 4a-plus age group. ^ 

Recommendation for Furtt|er Study 

Studies in the Rates of Change In Science and En- 
gineering Knowledge ^ 

It is a generallj^ accepted opinion that the information 
explosion is a contributing cause of technological ob- 
solescence. The so-called half-life of information can be 
used as a measure of the rate of change in seience and 
engineering knowledge. Tjo determine the rate of change 
in a given field, it is necessary to identify concq>ts, theo- 
ries, methods and other information that have evolved 
over a period *of tiitie and to determine the extent to 
which hew developments are modifying or making obso- 
lete previously held information. 

I recommend that studies in specific fields and sub- 
fields in sciqnce and engineering be undertaken to quan- 
tify more realistically the rate of change in these specific 
. areas of knowledge and skills . ^ 

Data derived from this study would enable the NSF to 
chart the pace of knowledge decay and knowledge gen- 
eration in various scientific and engineering fields. Jhe»* 
NSF could then intervene in those fields where the most 
rapid change is occurring with assistance in the form of 
training seminars or whatever methods are indicated. 

/ 

Recommendation for Further Study 

An Empirical Model for Measuring Updating in Sci- 
entists & Engineers 

. The empirical'model for measuring updating, de- 
scribed in this paper elsewhere, has not been tested ex- 
perimentally. Further investigation is needed: 

1. To identify the specific variable of each of the six 
components: motivatfon, organizational climate. 



the job, supervisor-subordinate relationships, col- 
league interaction, and management policy. 

2. To develop a series of scales for each of the vari- 
ables, irt each of ^e u^ating components. 

3.. To measure eaphvanable against a set of criteria. 

4. To test each of th'e components individually, and 
all of the components combined on an experimen- 
tal basis. 

^ * * « 

The instrument is designed-to detect both the motiva- 
tional factors and the organizational climate factors 
which operate to inhibit the updating processes. 

I recommend that the NSF support experimentaHest-i 
ing of this empirical model for measuring updating in 
scientists and engineers. Data derived from the study 
could be used in counseling for individual motivation 
and career development, and for instituting corrective 

practices in organizations. ' ^ , • 

^ • 

Recommendation for Further Study . 

A 3ehavior-Anchored Scale for Defining and Measur- 
ing Updating 

Definitions of technical obsolescence are often con- 
fined to technological knowledge and skills in a given 
subject area. Perhaps more important are ihe^ behavioral 
aspects— motivation, personality and social variables in 
updating, learning and growth. (External variables in the 
work environment — organizational climate, job assign- 
ment, etc. would be the topic of another study.) 

I recommend that the NSF support a study to identify 
the precise, motivational and personality variables which 
are operative in the updajing behavior of an individua]. 
After certain variables have been established, ihty^ can be 
used to build a set of behavior-anchored scales, parallel 
in format to the scale for measuring technical knowledge 
and skills described in this report. (See Figure 2.) Kte^ 
surements on a behavior-anchored scale would produce 
data which is relatively more precise and objective than 
the usual rating scafe descriptions of behavior, and which 
is capable of being analyzed and used quantitatively for 
comparative purposes. _ 

Practical benefits to bellerived from such a scale: 

1 . Accurate measurement of strengths and weakness- 

es provide a reasonable basis for constructing a 
remedial action plan for the individual. 

2. A reliable instrument for pleasuring the extent of 

obsolescence in behavioral terms. 



Recommendation for Further Study 

A Pilot Project: An Assessment-Development Center 
for Scientists and Engineers at Mid-Career 

Assessment-development centers are being used today 
by a number of industries as a method of selectiori and 
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promotion of managers which is more reliable than the 
currtrit pcrfomancc appraisal. The U.S. Civil Service 
uses this mejhod to select ^rsonnel for positions of 
GS-15 and highef levels. Assessment-development has 
in recent years been assigned a new function— the pro- 
. fessional development of managers. Candidates are put 
through a two-day scries of tasks and Interviews on 
which they are judged by a panel of experts. Heretofore, 
organizations have psed the assessment-development 
chiefly for managers and administrators; this method has 
not yet been applied to engineers and scientists. 

I recommend that the NSF Support a pHot project to set 
up an assessment-development center in cooperation 
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with an organization, private or governmental, expressly 
for professional scientists and engineers at mid-career. 
Tests' and tasks would have to be designed precisely foe 
candidates in general and s[)ecific fields of science and 
engineering. Performance m tasks and interviews would 
reveal the individual's strengths anjj weaknesses, special 
capabilities; would identify training needs toward 
specific goals, and updating or other programs for career 
development. * » * 

If the project proves successful as a technique for pro- 
fessional career development, it could be applied to pro- 
fessionals in other technology-based industries. 
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Continuing Education Policy Statement 

^.^andia Laboratories supports and encourages, as a 
matter of Company pojicy, continuing education that 
assists both the individu^employee abd the organization 
to overcome obsolescence^prevent obsolescence. 3nd 
'build* for future competency. 

The Company realizes that technical obsolescence is' 
not an ali-or-nothing proposition.. It is a relative process, 
with the degree of obsolescence being a function of new 
knowledge a^nd new techniques along with work pres- 
sures, specialization, and lack of opportunity to use cer- 
tain skills and knowledge. Sandia Laboratories,"' con- 
j sequently, recognizes that there is a mutual responsibility 
to be shared by the Comprfy ahd by the employee for 
activities that tend to overcome and prevent obsoles- 
cence. It is the feeling of top management that continue 
ing eduction contributes significantly to mamtaining a 
high quSlity staff. ^ 

Sandia Laboratories, through the leadership of its 
management, desires to maintain an organizational cli- 
mate that tends: . 

1 ; to develop a strong sense of purpose and direction 
9n the part of the employee toward His own de- 
velopment on the job and his responsibility for the . 
job, 

2. to stimulate the employee to use his own initiative, 
Hnnovative talent, and creative abilitj; past fulfilling 
management expettations of what should be done 
on the job, and 



3. to encourage i\\t empU^ee to use his time, energy, 
^and abilfties not oi^ to carry out present assign- 
ments but to do some critical thinking about possi- 
ble new assignments. 

To enhance the possibilities of attaining such a cli- 
, mate, the njanagement feels that the organization should 
support and encourage continuing education activities of 
its employees: 

1. to adhieve specialization or'acquire capability in 
particular disciplines, new fields, or techniques, ■ 

2. to make progress in their job situation by acquiring 
knowledge needed as a basis for progress asfpart of 
the job time, * O 

3. to take advantage of refresher and updating oppor- 
tunities in order to maintain them at a high level of 
work performance, 

4. to reorient themselves in mid-career according to 
their own needs and the needs of the company, and 

5. to keep up-to-date by providing opportunities to ^ 
attend technical ^nd professional meetings, publj;sh 
papers, participate actively in technical societies, 
and other ways of keeping in touch with the world 
of science outside the Laboratories. 

Stimulating subordinates to participate in activities 
which keep then) up-to-date, is an integral part of the 
supervisor's Job. Supervisors are encouraged to discuss 
continuing education needs with each subordinate and to 
devise plans for meeting these needs. - 
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CONTINUING EDUCATION FOFf SCIENTISTS AND ENGINEERS. 
The Academic-Industrial Interface 

By George W. HazzariJ, President, Worcester Polytechnic Institute, July I, 1977 V 

This paper was one of six prepaid in response to a request the Science Education Directorate of the 
NationaJ Science Foundation as part of its consideration of current and possible future activities in continuing 
education in science and engincenng. Anyopinipns. findings, conclusions or rccommendations,expr«ssc<f herein » 
are those of the au^ior and do not necessarily reflect the views of the National Science Foundation. 



INTRODUCTION 

When I agreed to write an essay on ''The Academic/ 
Industrial InterifacV ' as part of a series of writings on the 
continuing education of scientists and engineers, I 
thought I knew what those tenps meant. After all I had 
spent many years in both academe and industry working 
largdly with scienfisU and engineers. Arranging for con- 
tinuing tducation programs from both sides certainly had 
* me crossing that interface many times and in many ways. 

But as I wprked my w^y through the various aspects of 
the academic/industrial interface in the continuing educa- 
tion of scientists and engineers it became very clear to 
me that I could propose a goodly number of ifttegrating 
ideas or provocative questions but that both ideas and 
questions were hard to back up or respond to with goo<^ 
solid facU. Not a comforting realization for a former^ 
scientist though- possibly a normal state for a tollege 
president. 

What follows, therefore, is a loose aggregation of 
ideas and speculations that might possibly suggest ioj^t 
National Science l^oundation some avenues to pursae in 
this fiela for the benefit of maqy individuals and organi-* 
zations and thus for the United States as a whole. It is my 
hope that the expression of these ideas is at least clear 
enough to set others to thinking and to their creation of 
fine solutions of an important national .problem. 

Where Are The Interfaces? 

Motivation and Continuing Education 

Continuing education means nbny different things— 
from dining each night with your^ouse to a full-blown 
prdgnmi at the Harvard Business ^!!ftfel. It is that very 
diversity that makes the clarification of roles and results _ 
in continuing education so elusive and difficult. My own 
feeling is that continuing education really starts in the 
pre-career learning period during secondary school and 



college. If, through that period, attitudes are established 
that will lead a person always to want to learn, then 
almost every form of continuing education presently de- 
vised will be a resounding success for that person. If 
such attitudes are not developed, there is of necessity^a 
large effort in motivation to be carried out before any 
form of continuing education can be successful. Unfor-. 
tunately there seem^ to be a general belief that all who v 
seeic continuing education have that motrvation, a belief 
that is badly 1n' error. ^ 

Later on I will come back t^the impact of under- 
graduate education on the adult learner. At the moment I 
would look at motivation as a differentiating device thaj 
j:ould determine the way one delivers or provides con- 
tinuing education. How one helps adults to learn depends • 
on their motivation and this in turn depends on the shap- 
ing of their learning attitudes by earlier educational expe- 
riences. " 

Simply put, the person highly ^motivated to learn on 
his own can readily utilize the book, the video tape, the 
programmed. learning unit, or any\)ther individualized 
learning mechanism. Gn the other hand, most who have 
been through the America^i educational system have 
come to rely on a group learning process.. A teacher in 
front of a class organizing and dispensing dollops of 
information,- helpjng to motivate through rewards and 
punishments, and providing guideposts for progress 
•through periodic examinations is synonymous with^ 
''education** for the great jnajority of scientists and en-* 
gineers^It may be the teacher and the structure or it may 
be the^classroom competition but that gro'tip experience 
, is the way to learn. Thus there is no *'right" way to 
provide continuing education. Having numerous and var- 
ied delivery modes, equally validated and rewarded, 
seems e$sential in a society as individualistic as ours. 

Motivation considerations lead us to another continu- 
ing education problem, that of ^^credentials.'' Whether 
one is an individual or group learner one generally seeks 
recognition for the learning one does. Almost universally 
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' such recognition comes through courses, grades, and de- 
' grees or certificates. American society seems to l>e **cre- 
dential happy" but is it really in the best fnterests of both 
the learner and the learner's employer to have it that 

way? . * ' V.' . ^ 

It seems as if industry has adopted as its motivations 
for the continuing education of scientists and engineers 
those developed by ^cademe..But these seem to have 
developed as replacements for those normally seen in the 
;eal world. A frtii(ful\nterface between academe and 
industry could well be tne motivation of the learner with 
discussion centered around such topics as individualized 
versus group instructiorv or credentialing versus per- 
formance rewards for lespming. 

Content and Cpntinuipg Education 

Continuing education for scientists and engineers 
'faces a divergence in purposes that both enlarges and 
complicates the design of programs Some divergence 
comes from the differences between academe and indus- 
try but most comes from content in the material to be 
taught. 

On the one hand there is a need for continuous renewal 
of the scientific or engineering knowledge that enables 
the scien'tist or engineer to perform well in his present 
job. Oivtbe other hand there is the need for knowledge in 
new areas that will enable a person to advance/' either 
in his professional area or out of a technical area into the 
realm of management. As discussed., later, this di- 
vergence is much greater in industry thanjn academe, 
but it exists for both, primarily because the worid of 
technology is. a world of rapid and constant change. 

In all circumstances one can sort out perhaps four 
kinds of learning content. Fi/st, are presentations that 
bring people up to the very cutting edge of the knowl- 
edge state of the discipline. Second, are presentations 
that initiate people into a new area of science or technol- 
ogy (they might bfe called **mature science for other ma- 
ture scientists"). Third, are all those courses^in man- 
agement for aspiring managers. And fourth, are those 
broad philosophical courses or seminars whfere the globe 
is one's oyster and never mind the Shells for experienced 
or senior managers. Obviously the same person mjght 
participate effectively in several categories at the same 
time, but these varying audiences and content pose some 
real challenges to both academe and industry. 

These varieties of learning content lead to academic- 
industrial crossovers that could benefit all but that can 
also create complications. In some of the above areas the 
expertise resides in academe; in others it resides in indus- 
try. What kind of interi^ace bridge will bring the best 
knowledge source in contact with those who need to 
know? What mechanisms will assure sufficient attention 
to teaching by either the academic or the industrialist 
whose main job is something else? It seems as if content 
in continuing education for scientists and engineers is as 
much a challenge as motivation'. 
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Tim^ and Continoiing Education ^ 

Motivation and content both show up som^^of the 
many'points of overiap^ind conflict in continuing educa- 
tion between* industry and academe. But another^com- 
ipon problem is that of time. Frequently continuing edu- 
cation best takes^place in the college or industry library 
in the middle of the day. It is considered **work,'' but 
why isn't it continuing education? The college professor 
preparing his lecture is, always incorporating something 
new but the time spent in doing so is rarely thought of as 
continuing education. So one can't help but ask about 
' ' time spent in learning on the^ job and whether it is 
counted in a|]^ur considerations of continuing educa- 
tion. 

I raise the question of time because it reflects so many 
attitudes that might be modified if time were take- *^ 
think about them. In one sense questioning time r 
/"fruitless for the person who Continues to grow in/ 
must be learning new things constantly. On tli 
hand, many less motivated people could be he> 
grow if their learning time were^pent in more visjple ai] 
organized ways. Admittedly, the latter approa^s rather 
like recognizing long service to an organization. Time 
spent is recognized rather than quality of effort. But if 
that leads to motivation and performance it is all to the' 
good. 

In considering time we then come back to an enlarged 
concern about measuring continuing education either 
through credentials or performance. Who decides, and 
how, what is the best expenditure of time in the various * 
modes of continuing education? Is it the industrial 
employer or is it the academic purveyor (university or 
professional association). 

Since time is money, the enlarged concern appears in 
who pays or gets paid. If the continuing education is 
measured by performance and the learning takes place 
wholly within the company, all payments are internal. 
But if academe provides the learning it surely wants and 
deserves to be paid. (Jne can't help but wonder if 
measuring time through courses and credentials is not 
motivated by the desire to collect compensation. If that is 
the case, tim^e is indeed of the essence. 

Continuing Education Solutions 

The -interfaces between academe and industry are 
many indeed for the continuing education of scientists 
and engineers. One worth considerably thought and ef- 
" fort by the National Science Foundation is the method of 
response to the questions raised above. Is it best just to 
let the free market operate with supply responding to 
demand in'the many ways already extant? Or should 
there be more bureaucratic ways of response— industry 
planned and promoted activities or joint academic- 
industry actions with direction^and flow from the top 
down? 

What is the proper way to pay the social costs in- 
volved? Should the individual pay, tiie employer, the 



ERLC 



190 



por 



government? How closely should programs be tied to 
immediate job* relatedness or to enlarging future oppor- 
tunity? 

' Finally who should discuss these pipblems? Can we 
rely on the academic director of continuing^edu^ation' 
talking to the industrial relations director? Or do we rely 
on Ibe disciplinary profession^ societies? Or are there 

. ptter groups in the silent majority vyho ought to be 

• heard? Somchowone feels' a need for facilitation without 
a strong se'nse ^ow best to proceed. In that situation a 

- mixed strategy is usually be?t. What follows may help ' 
develop that strategy. 

Crossing The Interface 

. ^Organizing Principles 

In loolcing^for solutions to the problem of continuing 
education for scientists and engineers, one looks fof^-^ 
models whose characteristics might be transferable from 
^ 6ne milieu to anotfcr. In academe, for example, the role 
of every professor i$ at least the transmission of knowl- 
edge and, as freqi^ntly as possible, the creation of 
knowledge. Every Ifculty member of quality is expected 
to be up-to-date in his or her technical field so that schol- 
arly or learning activity is the order of the 4ay. In a 
sense* some part of evefy week is devoted to continuing 
education and usually through the simple self-teapliing 
mechanism of reading the literature or attending the de- 
partmental seminar. 

Could one apply this model to industry? Unfortunately 
most industrial persons^ while learning to resolve prob- . 
lems ^sing from work activities, are more frequently in 
situations that require acfion -rather than reflection. Or ^ 
they are not close to the sources of new knowledge— 
boolcs, journals, video materials, etc. Or the need for 

* group activity precludes oppwtunity for the disciplinary 
study that is a natural part of the role of a faculty 
member. , 

Looked at this way there might be a common organiz- 
ing principle that industrial research people and those in 
universities who focus on research M^ike in their con- 
tinuing ediicfttion needs. They aiJWivalent in their 
commitmertt to their disciplines andWrewards received ' 
through peer approval and the many forms of recognition 
available, from Nobel prizes on down. One might say for 
them that continuing education is automatic. ^ 

But looking Seeper one sees a strong similarity be- 
tween the ijidusdial scientist or engineer described above 
and the great majority of faculty members whose major 
role i^ teaching. These faculty frequently have ^ little 
time or opjjortunity for continuing education as do theTr 
counterp^ in the engineering, manufacturing, or mar- 
keting functions of industry. The renewal of th«se two 
groups of people in .ebnmion programs could reem- 
phasizc the close ties between college teaching and in- 
dustrial practice wfiile giving each group that better un- 
derstanding of each other that comes from learning to- 



gether in both formal and informal setting$. So another 
organizing principle is to treat these two gitmps^of.people 
as one when it comes to continuing educaBon. 

Another cross-sectional view .would lead one to an 
opposite organizing principle. I have no&d earW that 
educational credentials seem to be more important to 
many of those seeking contmuing edticatibn than does 
the resulting improved perfonnance. But if one looks at 
the academic versus the industrial world, both of which 
relish credentials, one notes that academic credentis^ling 
is done almost completely at the start of a person^s 
career. On the other hand, in industry it is rather com- 
mon to add degrees and certificates for quite a pferiod of a 
person'^ s working life. Therefore the'^credentiallng pro- 
cess for industrial scientists and engineers is not appro- 
priate for their academic counterparts. The question then 
is **should academic or ipdustrial polfcies be changed?'' 
< An extension of this difference betv^een academe and 
induspy is the policy with regard to organizational sup- 
porrtorcontinuing education. In acadeiAe the scientist or 
engineer faculty member rarely receives support for 
further learning experiences (eXcept travel to the learned 
societies). But in industry full tuition payment is now the 
rule rather than the exception. Ifthe ofganijing principle 
used by industry were applied to academe (as it already is 
to p\iblic elementary and secondary schools>Jthere could 
be major changes in attitudes- behavior. 

An alternative organizing principle is probably too . 
horrefldous in its financial implications to be seriously 
considered. But to ascertain true interest in continuing' 
education it should be offered free to all participants. As 
several have proposed, society could guarantee so many 
units of time, credits, or knowledge to everyone. Then . 
we would have eqOaiity of opportunity with no limitation 
on learning just for the current job but for total enlarge- 
ment of ability to'contribute to society. Experimented 
with in some area or region this principle might provide 
many answers to the questions aboutivho wants and will 
work at what continuing education. . ' 

- Given these rather conflicting organizing principles I 
see considerable opportunity fot seeking out sittations 
where one or the other might apply and, analyzing them 
for future guidance of ail of us. . 
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Where Does' It All Start? 

I Have indicated some of the differences in viewpoint 
and behavior between industrial and academic activities 
jelated to continuing education of «:ientists and^en- 
?gin?frs. Now I would like to move b Jk one stage t^e 
place where divergence first occurs^when the formal 
educatiqnal process as a full-tim^ activity' ceases, at 
graduation 'from college/ It is subsequent to that time 
\^en organization^ attitjudes start to affect the bejiavior 
of die individual scientist or engineer. Bjit those effects 
can only modify or reinforce attitudes developed from 9. 
the sixteen to eighteen years of experiencing educational' ^ 
mstitutions. 
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Continuing education's effectiveness-depends in many 
ways on what academe has done to the recipient of that 
education prior to the job experience. It depends strongly 
on attitudes about the need for continual learning and on 
a personal bias in f^vor of self-renewal and intellectual 
growth. If those are V conditioned out** of the person in 
high schooVor college, employers are going to have "a 
Very difficult time in restoring such attitudes. Therefore, 
It might well that the basic need in good continuing 
education is undergraduate education that lays the 
groundwork in both the learning process and indiyiduAl 
motivation. 

What Process^ 

There are two aspects of the undergraduate learning 
process that are of concern. One is who teaches. The 
other Ms what learning. While both have been discussed 
at length and viewed from every possible ang]|, a quick 
review may be helpful. 

First, what learning? Thinking in terms of life-long 
learning the undergraduate learning process faces con- 
flicting forces: education for immediate effectiveness 
upon graduation versus education for the long pull. Thus 
the educational curriculum slides back and forth between 
teaching material that is immediately useful and material 
that emphasizes general principles. The latter was popu- 
' lar in the Sputnik era and took the form of strong em- 
phasis on basic science on the grounds that the major 
scientific principles will last forever. The fonner was 
popular pre- World War 11 and is coming back into favor 
now as emphasizing current engineering practice. It is 
very clear- that elements, of both are essential and that a 
new round of Hegelian thesis, antithesis, and synthesis is 
in progress. 

This new synthesis is a strong focus on learning how 
to leam'\^that creates an attiw, participative learning 
envifonmetit for each student. Such is the case at, my own 
institution with very positive effects in student motiva- 
tion and strong preparation for further learning efforts, 
whether formal or informal. If such a synthesis is gener- 
ally adopted, the work of all in continuing education 
would be eased and encouraged. NSF's past' and future 
support in undergraduate'science and engineering educa- 
tion has been and can be a major factor in such efforts.-^ 

Second, Who teaches? Many have noted the impact pn 
engineering faculty of the post-Worid War II emphasis 
on the theoretical." Those who wished to teach ep^ 
gineering had to pursue their graduate studies througl>4he 
Ph.D., emulating the science faculty preparation yfth its 
strong emphasis on research. ThisJPfe eminently sensi- 
ble in terms of the rapidly increasing lev^f sophistica- 
tion of engineering research and practice. Engineering 
faculty would never have been able.to stay ahead of their 
students otherwise nor provide tl^e stimulation and ex- 
citement so necessary for good learning. 

Unfortunately this 'method of preparation has led to 
almost a generation of engineering faculty without sig- 



nificant industrial experience. Without that d^perience, 

* faculty find it rriost difficult to convey the sense feel 
of the problems faced in'operating environments that tht 
classroom and laboratory cannot provide. The world of 

■ learning and the worid of work appear as two distinct ' - 
entities when they should be viewed as one. - 

Such a situation offers a major continuing education 
opportunity: .thoy^oft-proposed, modestly implemented 
use of industrial people as un(»waduate engineering 
professors and the use of eilfeineenhg faculty in various 
industrial positions. The latter was successful on a small 
scale under the aegis of the Ford Foundation and ASEE, 
but no large sca)e effort has taken place to my knowl- 
edge. The fonner is of course common practice at thk ^ 
continuing education level. In fact most continuing edu- 
catipn pYograms could not operate were they unable to 
draw sighificant numbers of practicin|>rofessionals into 
the classrooms as teachers. Itt many respects their pre- 
sence in the classroom 'may create an information diffu- 
"sion network comparable in size and effect to profes- 
sional society meetings. . * 

Once again, using my own institution as an example, 
there can be. a joining of th^se t^o (industrial and 
academic people) in the undergraduate teaching process. 

• In carrying out each of two'projects rtquired for ^radua-^ 
tion a student frequently works at soijie corpofation or 
govemmeht agency or non-profit institution (e.g. ahos- 
pital). The supervision of the project is done jointly by 
one of our faculty ind a practicing professional. With 
this kind of involvement both faculty member and stu-" 
dent get first-hand experience in dealing with «al-lift 
problems*. At the same time the practi<nng professional 
gets the stimulation ^and psychic rewards that ^always 
come from the teaching processrAll arc involved and 

\ leafn frotti each other. . 
\ If industry and academe could join more-often in this 
wiQf at the undergraduate levels motivation for further 
'learning hiightte enhanced and tha-cpntmuing education 
job made easier. 

* / « * ' . ^ 

Implicalioas for Continuing Education 

For continuing education .there are^ several points of 
impoiwice deriving from the undergraduate e(iicational 
• prool^ Jhese might be grouped under the headings of 
oimivation, materials, and method. * 

If undergraduate students are moroTiignly motivated in 
the classroom and laboratory by seeing direct applica- 
tions of their worlc in r^l-life projects, would cornpara- 
ble m(^vating arrangements be possible in continuing 
educat^? Or do they already exist? True, most com- 
pany support of enfiployee education is for **job-relatcd" 
courses. But would the learning in those courses improve 
if the teaching were morecjeariy related to the applica- 
tion? Frequently such is the case 'in company run 
courses. Docs this mean that more and more cohtini^ng 
education should be done inside the corporation? Should 
universities give more courses to selected corporation 
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people on teaching methods? Should more comparative 
studies be done on learning environments and teaching 
methods that* relate specifically to scientists and en- 
gineers? , 

One example comes to mind. Much has been done 
with various forms of individualized instruction gener- 
ally following the concepts of Fred S. Kelter of Colum- 
bia and Georgetown Universities. Such methods have the 
great advantage of portability to people in locations re-, 
mote from university centers. They take advantage of 
variou?forms of modem technology and are said to have 
the potential of more effective use of faculty time. But 
there is an interesting 'hypothesis, with minimal experi- 
mental proof, that tliese methods (Jo not work well for 
those who thrive on competition and do work well for the 
contemplative or iittrospective types How, then, does 
one match the teaching method to the individual for. 
^ maximum motivation? More feedback between regular 
undergraduate-instnjction and continuing education in- 
'struction might be very profitable to both. Method and 
motivation are closely related. [ 

When one looks at material taught the same chWnges 
appear In undergraduate education the majoritydf the 
material is discipline oriented, treatmg of some aspect of 
engineering or science. The students' are being brought 
up to ih^ knowledge level current in the discipline. Most 
are being social izeji to see the acquisition and application 
o'f technical knowledge as the source of psychic and fi- 
nancial rewards- Relativ^ few take, or are ready for, 
^'management" courses and those who do major in man- 
agement and engineering i^rdy end up as the scientists 
and engineers we are considering. 
• But once out in the producting world, the scientist or 
engineer generally comes to see things differently Tech- 
nical work is important alright, but equally important is 
the management of the people who do it. Working with 
and through people, understandin'g'anci utilizing organN 
zational structure, recognizing the sources of bureaucrat-' 
ic power, the scientist and engineer comes to see the 
need for all ki^ds of new and different knowledge. The 
shock of re-socialization is great. 
« This big svying in perceived ways to * "success" seems 
to me to lead to an interesting challenge in the materials 
area. Could one, see a sort of life cycle of interest in 
material roughly divided between the pure gnd applied 
physical sciences and the pure and applied social sci- 
ences? It might go like this. 

In the early years after graduation from college a per- * 
sonf still wants to grow in his discipline. Hence there 
exists strong interest in continued study in the original or 
a related discipline. But then corporate socialization 
takes over for many. Then applied social science (man- 
^agement) courses appear as extremely important to up- 
ward mobility for those in their 30's or early 40's Fol- 
lowing this there is then a bifurcated demand that de- 
velops for persons in their late 40*s or early 50's. Both 
lead back to scientific disciplines but in quite different 
ways. The non- manager desperateljPneeds updating in 



his field.or working knowledge in a new technical field if 
he is to continue his technical contributions successfully. 
He needs very detailed technical knowledge. Otherwise 
that bright young new engineer will take his job.-The 
manager, on the other hand, needs to know of sjmilar 
new developments bDt over a much wider spectrum an^l 
in. much less detail. At the same time the njanager'is 
likely to welcome more knowledge in the "pure" sdcial 
sciences— history, sociology, psychology. 

Rarely do undergraduate teachers have such a diver- 
sity of^audiences. And because* pf extrapolation tenden- 
cies from regular educational processes to continuing 
education,, we can't help but wonder if many continuing 
education programs don't try to m^e one do the work of 
two or three. 

In fact this variation in need for material, or the way it 
is presented, may be part of the reason so few older 
(50's) non-managers seem to be involved in continuing 
education. Several studies have seen little (even nega- 
tive) correlation between continuing eduoation participa- 
tion and professional success when this success is judged 
by their man^^ers. That is, U seems as if the scientist oc^ 
engineer who contributes the least is more likely to take 
continuing education. Could it be^that the way the mate- 
rial IS presented makes its acceptance and use by the 
middle-aged studeiy either too difficult or too ego- 
threatening? Or is there something to the concept that 
only the non-creative, by-passed, lower p^tid engineer or 
scientist 'individual contributor" ever takes courses 
after age 45? Would that person be that way had he had 
better continuing education experiences earlier in his 
career? 

Method of presentation or delivery is thus intertwined 
with both* motivation and material^ Are there ways that 
are "best" for older scientists and engineers that are not 
so for those in the early years of their lives? Most studies 
of human behavior as it affects learning deal with chil- 
dren and young people. Once one becomes adult there 
seems to be no further interest in how one learns — it ' 
must be the same as when you were 18. If more were 
known-about adult learners, could we not then base our 
continuing education teaching methods on at least as 
good grounds as we supposedly do in e^lier years? 

For example, if learning modes or motivations are 
different for adults from those for societal adolescents^ 
one might decide they should never learn together. Even 
though w? are supposed to have a "youth oriented" 
society that seems not to be the case iriside most bureauc- ' 
Vacies, be they industrial or govemmental. There the 
hierarchy tends t^ put younger people at the bottom. So 
if one had young and old in >he same learning situation 
the older per^n might be seriously threatened by the 
success of the younger. . . 

On the other hand, the natural learning that always 
come from explaining things might be a positive factor if 
done in the right situations, as happens in our project 
teaching. Likewise the stimulus of the enthusiasm of ^ 
youngei^eople, even their idealism, nnt!ght ^f a vo r having 
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morejolder people 40 their continuing education in regu- 
. lar day-time courses of the advanced undergraduate pro- 
gram. ; , • 

More knowledge about adult learning could also affect 
the* amount of technology applied to continuing educa- 
tion. Methods of teaching that make adult learnings 
synonymous 'With vi^o, computQf-alded, or other tech- 
nically based teachihg modes might be just' the wrong 
way to mot^va^^ older scientists and engineefs. JHere xf^ in 
^area that might be/most'leilectively treated by having 
academe .and industry jpin in studies arrd-arialyses. 

For these older learnerJ in the disciplinary- areas Ihere 
is a major difference^ jn motivation between academe and 
industry. The faculty member is part of a community 
where lifelong activity in the same job is vieweci as 
natural and good Pay and status and influence increase 
vvith time, especially relative to those in administratlive 
positions. But the industrial engineer or scientist live 
under different social forces It is the exception to be or 
desire to b.e an older scientist or engineer and not a man- ^ 
ager or administrator Thus there is a much greater driv- 
ing force for the academic to relish and carry out actions 
that keep him up-to-date in his field. \ 
This problem of the ' dual track" in industry is well 
known to all who work to make the industrial work ex- 
perience productive and interesting. But most of the* 
analysis and resulting actions come from the administra- 
tive side. Could it be that continuing education providers 
listen too much to the- managers or personnel directors 
\and pot enough to the people-they wtint to teach? If so. it 
ihould be no Surprise that older industrial sciejitists^nd 
/engineers rarely take advantage of opportunities pro- 
vided; their interests are not met. Surely this is an inter- 
. face worth crossing. 



Some Responses 

^• 

Joining People and Purpose 

Continuing education for scientists and engineers -r.v a 
complex problem. As described abuvd part of that com- 
plexity stems from diverging liews of what continuing 
education is supposed to accomplish in either academe or 
industry. But another part of the complexity arises from 
differences in institutional mission ^d the traditional 
view that **real work'* goes on only in industry and "real 
teaching" goes on only in academe , ""^^ ^ 

One way to reduce»or eliminate such differences is to 
accelerate the breakdmvn of divergent views by the real- 
ity of good teaching in and for industry and real work 
being done in academe as (fert of the learning process 
Especially iV managers N\ith the sameTevel of concern? in 
industry and aCademe were to talk to each other, much 
might be accomplished. For example, both Deans of 
Faculty and industrial Functional Managers want their 
professionals to develop new knowledge and skills. 
Should not they discuss the problems in concert with (or 



instead oO Directors of Continuing Education and Per- 
sonnel Training Directors"^ Such direct exchanges might 
easily lead to creative n6w solutions benefiting both 
kinds of institutions through better benefits to their 
people^ . — ^ ^ ^ ' 

Another way to cross the interface is greater usf2 of the 
professional society. It already serves as an Excellent 
continuing education mechanism through its national and 
regional meetings and its journals Could not the profes-^^ ^ 
sional society act more than it does now' as a broker? It 
could act as a non-profit, hopefully unbiased mediator 
between the needs and funds of both academe and indus- 
try It could provide a non-threatening forum where po- 
tential users of continuing education might speak out 
freely about their needs or their learning frustrations. It 
could certainly do well in the^material of the disciplines. 
It might even do well by erpulating golf and tennis with 
special series of courses developed for those "over 40" 
or "over 50" or even "over\60.'* 

It may be useful to come back to the undergraduate 
lean^ing experience where industry and*^cademe do 
work together to teach young ^rso(is. There, if done 
properly, a continuing desire for further learning is built 
in along with the confidence to seek out and use learning 
opportunities. If that mode^orks well for under- 
graduates, why shouldn't it work for alumni? Ex- 
perimentation in this area is a g6od scientific way to find 
out ^ ' 

Achieving Optimization 

Of considerable importance in joiging people and in 
serving needs is the simple problem of price, a problem . 
that takes several forms. How one responds to this pricp/^ 
problem can have real effect on optimizing the quality 
and aptness of response to continuing education needs. 

By price I mean the cost to the contthuing education ^ 
user. This cost can fluctuate as^ widely as do college 
tuitions. Because it does, the^t^al market test experi- 
enced by an industrialistxeases to exist. One cannot use 
consumer acceptance as a measure for success in creating 
a continuing educational product because of two things, 
' governmental subsidy, and incremental pricing. Both in- 
tertwine sufficiently that a brief descYiption is in order. 

Subsidy usually takes the form of tax support to public 
universities so that the price to the consumer (tuition) is 
low. Incremental pricing is practiced by both public and 
private institutions by assuming that all overhead costs of 
operation and administration have already been paid by 
ojJeration of the institution for full-time students. Both 
practices distort the pricing process by disguising the true 
cost of the services rendered. 

Xhis replacement of cost by price in the mind of the 
user complicates the decision about the social value of 
continuing education and the most cost-effective way to 
provide it. How much indeed should society h^lp the 
individual through governmental subsidy or employer 
reimbursement? How best do you make individual free 
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choice available and thus let the market or invisible hand 
prevail? S/io«W you let the free market prevail? 
' If one were to abandon pricing as an optimi/jng 
, mechanism, could one substitute some other? Quality of 
offering is a possible alternative, recognizijig that much 
choice based on pri^^e considers the level of quality. Cer- 
tainly, most stiidents are experts on separating good 
teaching from bad and^re never afraid to vote with their 
feet. 

Bui again complications arise, this time in t^^e fonn of, 
credentials There seems to be a growing "movement in 
engineering circles to adopt the long-time practice of the 
public elementary and secondary schools. They recog- 
nize the continuing education of an •individual through 
the number of credflVjamassed almost irrespective of 
quality or content throughout the continuing education 
field this use of "(^ntinuing education units" or CEU's 
leads us away fronrp^ for performance to pay for-time 
spent in the classrctom, Should this inovement become 
broad enough, quality of learning experience would fail 
as an optimization method. 

Perhaps the only real optimization method is motiva- 
tion. If the individual is internally motivated to learn he 
will select a learning format that is best for him. He will 
*do so creatively if his employer, either academi^or in- 
dustrial, sees his performance as improved an^Tre wards 
him accordingly Thus optimization might best come 
from a combination of revised unclergraduatc lelirning 
and managerial reinforcement base^i on clearer under- 
. standing of individual motivations A hopeless idealism? 
Not if we all s^e continuing learning as critical to societal 
survival. 

Delivering the Goods 

There are two places to deliver educational goods — 
academe and non-academe At the moment for all practi- 
cal purposes^ only academe provides the credentialing 
function for academic goods Yet non-academic organi- 
zations can and do provide on occasion some Qf the most 
creative educational goods, credentialed or not Such a 
situation implies one of two thmgs: either academics and 
non-acadpmics should join forcei^, or non-*academics 
should be credentialed competitors in continuing'educa- 
tion for scientists and engineers. 

If one looks at academe and industry one sees many 
instances of shared educationaf efforts^ Undergraduate 
students acting as interns, as project participants, or as 
co^op studentiixegularly learn in real \vofid*settings. 
Faculty consulting in ind^istry helps keep many,aware of 
new ideas and practic5es to work into their teaching. 
Many industrial people give seminars or series of lec- 
tures on university campuses. And of course, at the con- 
tinuing education level many universities could not run 
programs if most of their teaching w^re^ot done by 
moonlighting industrial scientists or e^ineers. 

Of perhaps equal im'portance is the gradual growth of 
undergraduate performance based programs which avoid 



much of the minutiae of course credit counting and pro- 
mote or graduate people, as does industry, on dem- 
onstrated perfomiance in problem-solving situations. 
Similar continuing education programs using job per- 
formance as indicator of teaching/learning success are 
developing in a few industries. In other words,'the times 
seem right for joint ventures, for cooperation to the ad- 
Vantage of all. 

But Americans and American institutions treasure 
their independence. Many colleges fmd continuing edu- 
cation programs to be budget balancers (or deficit reduc- 
ers). Are there ways to be found by society to encourage 
coopetation without destroying important and necessary 
institutions? As I watch the cut-throat competition for 
continuing education students of all kinds, lam sceptical 
of successful cooperation without strong financial incen- 
tives. Can NSF develop such incentives on-an experi- 
mental basis'.^ 
» 

One possible answer to such a question might be re- 
gionalization. Could'there be a common market in some 
reasonably defined geographical area? In 'that area all 
mstitutions, academic or not, might carry xa^tthe teach- 
ing functions, share credential ing, and share in the com- 
pensation for services. Student travel could.be 
minimized, personal contact maximized, and use of the 
new technologies experimented wjth because of possible 
large audiences. The difficulties are obvious and numer- 
ous but the benefits could be very great in terms of net 
reduction in social costs. It would be a very challenging 
experiment in organizational and human relations with 
potentially (?ig rewards. ^ 
Technology may be another an^er even though its 

• promise keeps on -being unl^lfilled. Video discs and^ 
tapes, cable or r^^ar TV, and audio cassettes do make" 
individualized instruction relatively^ easy and (if audi- 
ences are large enough) inexpensive. But once again a 

^ competitive market makes each institution or faculty 
member wish to produce its*<)r his own version of a 
subject or course. Many times it is difficult to work out 
**residuals'* in proper ways-to compensate faculty who 
might prefer to be doing other and foVthem more profita- 
. ble activities. Could there be cpoperaJTon in thfs area by 
some kind of network like PB^or a commercial TV 
network with the academic providers? How do6s one 
decide how muph of the market is composed of those 
who like such individualized independent learning as op- 

■ 'posed to those who prefer the friendly, competitive, chal- 
lenging or threatening classroom? A little market re- 
search might be a big help in thl§ area. * 

My conclusion about the problem of continuing educa- . 

* tion for scientists and engineers is terribly middle-of- 
the-road. Many experiments in new modes of delivery 
should be supported. No one answer exists but many 
answers (of high quality) are needed. And if under- 
graduate education really ignites the fire of^desire^r ^ 
continued-learning all our continuing education problertis 
will be little ones. 

\ . 
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h Sources of Ne^ Knowledge and T:heir Impact on the Educational Needs of Non- Academic'^ 

CE/S&E Audiences 



D^ifferentiation of individuajls within groups of physi- 
cal scientists, engineers and technicians into diverse au 
diences for various kinds of continuing education is criti 
cally related to their a^itier o contribute tu, cope with 
and remain abreast of the current fast pace of scientific 
and technol6gic2|l advances. Wide \ariations of 
competence, intellectual capacities and motivation to 
keep abreasf",o| scientific ai)d technological advances 
exist amon^t in^viduals at all levels of contribution as 
well as wjth' differing educational and experience 
backgrounds, Yet. such indiviauals usually work to- 
gether on r^irearch. developnr ent or manufacturing pro 
grams and consequently require similar, rfnot identical, 
new information. 

Estimates as to the, rate uf knowledge proliferation 
abound, although the sources, content and uses of that 
knowledge are not well understood At present, esti- 
mates of the time period required for the doubling of 
knowledge range between 10 >ears on the conservative 
side to 7Vi -years on the radi< al side. Whatever the rate* 
new knowledge and techniques, particularly in the ph>s 
ical sciences and engine*eri ig, are growing at unpre- 
cedented rates. 

Mo&t physical scientists aid engineers find that it is 
difficult to stay abreast of developments m their own 
fields and virtua[Iy impossible to remain in touch with 
develop)||tents generally or in other disciplines that touch 
upon their work. For these reasons, the half- life'* of an 
engineer is said to be 10 years This estimate implies that 
without effective updating, engineers find that about half 
of their knowledge obsolesces or becomes inapplicable 
every' 10 years. ^ ^ ; 

¥et, where does this mass of new knowledge come 
from? If certainly does not g^ow on treei>, nur does most 
of it now come from educational institutions or research 
laboratories. Most of the new knowledge' comes from the 
fields of professional practice, from the minds of physi- 
cal scientists and engineers working at the very frontiers 
of the technological advance. It is they who encounter 
the **bamer problems" on the job that yield grudgingly 
to the efforts involved in producing or recognizing new 
phenomena, improved materials, greater tiperating ef- 
ficiencies, energy conservation, higher accuracy and bet 
ter manufacti/red goods and services. 

While enormous, the major portion of this newly gen- 
erated knowledge is highly diffuse. Only developments 
in the schools and research laboratories are reasonably 
well organized to permit prompt sharing of new knowl- 
edge through publications, research results exchange, 
seminars, symposia and coursework. The vast body of 
knowledge being generated in the fields of professional 
practice is for the most part proprieltery, but it needs to be 
harvested, concentrated, refined a^ transferred to ap- 
propriate users if it' is to benefit socifl^y on a large scale 



Universities that had been great fountains of new knowl- 
edge, but are not so any Ipnger because of the expense, 
rejection of classified R'^D |pj)port from some govem- 
mental agencies, attenuation of learned faculties, politi- 
cal restiven^ss and isolation from many current issues 
relating to real world developments, may be in a unique 
position to work with industry in implenienting such 
functions.' • 

Drawing upon a variety of informatioi) sources such as' 
the National Science Foundation, the McGraw-Hill Sur- 
veys and others, Battelle Memorial Institute publishes an 
annual forecast and analysis of the probable levels of 
R&D expenditures.- This report presents es'timates of 
sources of all research and development funding for the 

. United States of America and the principal categories of 
organizations that may actually perform that R&D. For 
example. Figure I shows how a total sum of $42.9 
billion for R&D (about Vi of the world 'siDudget for R&D 
in all fields) may be funded and peirformed during 1977. 
Assuming a near linear relationship between expendi- 
tures and work done, colleges and universities are ex- 
pected to supply 2A% of the funding but, by picking up 
additional monies from industry and government, may 
perform 12.2% of the work. Industry might supply 
43.7^i of the total funding,. but perform 70.0% of the 
R&D with govemment support. The 'Federal Govern-^ 
nient may supply ,52.8% of the money, but perform only 
14.7% of the work. 

The Battelle document does not address itself to the 
amount of new knowledge generated, but while an exact 
relationship between R&D performed and now knowl- . 
edge generated has not been established, and probably 
never will be, if does not seem invalid to assume here 
that something close to a linear relationship also exists 
between R&D performed and new knowledge generated, 
considermg thai a great deal of new knowledge is gener- 
ated on jobs associated with advanced project work both 
in industry and in government. On thi$ basis, then, it 
seems reasonable to assume that approximately 70% of 
the new knowledge and tecjiniques to be generated dur- 

^ ing 1977 will emanate from industrial R&D as well as 
professional practice, about 14.7% of the new knowl- 
edge may flow from governmental laboratories and other 
project activities, 12.2% may come from higher educa- 
tional institutions, and 3.1% of the new knowledge may 



* Non AcaWemic CE'S&E con^sts of courses, workshops, seminars 
and other educational programs that may be cither industry or univer- 
sity based but carry no academic credits.as differentiated from part-time 
umlcrgrdduate or part time and full time graduate studies that usu^y 
carry academic credits 
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Figure 1. --Expenditures in the United States, 
Calendar Year 1977 
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b. By Performance of R&D 



The total forecast by Battelle's Columbus Laboratone^ is S42 9 billion 
Distnbution jshowrv'here is by sourc? and performance 



be generated by other nonprofit R&D organizations. 
Considering the fact that more non-technology-priented 
• R&D is conducted by educational, research laboratory 

: and governmental organizations than by industry, it 
seems further appropriate to assume that rftuch more than 
70% of the technical R&D is to be done by industry. 
The important point here is to note that the bulk of 

0 R&D and related new knowledge generation comes from 
professional practice, but the results are diffuse and vul- 
nerable to loss for lack of prompt harvesting, transfer 



^^M-ydljzatiOn amongst the practitioners themselves. In 
\iract, CE/S&E can be an effective n?eans for gathering 
such new knowledge, transferring and utilizing it 
amongst scientists, engineers and technicians, as well as 
injecting it mto academic curricula as a benefit to the 
new crop of students through the involvement of regular 
college faculty as resource persons or learners in interac- 
tive educational experiences that focus the attention of a 
class on each participant's on-the-job problems with a 
view to" either solving them or establishing a need for 
. further R&D in the subject area. 

Considering the rapid pace of technological advance 
and the interdisciplinary aspects' that increasingly affect 
research aiW development work, learning on the job by'^ 
dqing it resourcefully becomes the principal conduit for 
new knowledge acquisition and generations, however 
modest. Why? Because scientists, engineers and techni- ^ 
cians spend most of their alert time on the job. Given 
appropriate learning opportunities, a challenging job af- 
, fords the greatest impetus to continued learning. In fact, 
unless learning on the jofb is a central feature of an 
individual's professional practice, no reasonable amount 
of formal study, reading of the literature or participation 
in professional symposia jwill have appropriate effect. 
Without learning oft the job, the individual is bound to 
slip beJiind. Thepnncipal role of nonacademic CE/S&E, 
therefore, is to supplement learning on the job with sub- 
ject matter that is too difficult, time consumiftg or 
peripheral for an individual to acquire alone or on the 
job. Together, the in^pact of these two modes of learning 
on i^dating can be particularly influential, and, 
therefore, the combination of learning on the job plus an 
appropriate measure bf CE/S&E, perhaps 4 to 8 hours 
per week on a continuing basis, is optimal. 

While learning on the job is the primary new knowl- 
edge and techniques acquisition conduit for profession- 
als, formal continuing education coupled with perusal of 
the pertinent literature and participation in symposia en- 
large upon an individual's background, extend the indi- 
vidual's interests and intensify comprehension of dif- 
ficult subject n^atter at the very frontiers of knowledge 

What then are the current topics of important leamin'i, 
for scientists, engineers and techiiicians? Tables I and II 
are matrices of emerging and recently-enierged 
technologies having important impact on society in a 
variety of activity fields.^ In the case of the emerging 
technologies, little has been published other than in pro- 
prietary or QtKenvise restricted documents. The related 
information is advanced,! highly speculative and subject 
to frequent revision as the infOTnation becomes substan- 
tiated by experiment or practice. Obviously, textbopks 
covering such subjet:t matter are virtually nonexistent, 
and in most cases related data has not yet appeared in the 
journals. In /act, if a continuing educational offering in 
one of these topical ayeas utilizes a textbook, its currency 
is open to suspicion as being **old hat." 

Even the recently emerged technologies are in fer- 
ment, and text material becomes out(}ated in a year or so. 
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Table I.^Matrix of Emergent Technologies Applicable to Various Activity Fields 
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Table IL— Matrix of Recently EmergeB'Technologies Applicable to Various Activity Fields 



RECENTLY EMERGED TECHNOLOGIES 
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' Few if any graduate courses are given in these subject 
areas. The professional must depend upon nontraditional 
lines Of education if the requisite technology transfer is. 
not attainable on the job or through professional chan- 
nels. Only a few continuing engineenng studies pro- 
grams across the nation deal with these subjects and at 
iseveral levels to meet diverse audiences and mixtures 
thereof. 

With the foregoing in mind» the principal professional 
needs for CE/S&E are as follows:^ v ' v 
\\ Stretching the cohipetencies of alert, up-to-da*te 
p/ofessionals in their own areas of specializa- 
V tioQ as well as in peripheralareas affecting their 
work. ' ' 

2. Boosting the kitowledge of engineers in emerging 

areas of technology so that th^y may respond 
"* promptly to related opportunities in their 
employment and integrate related techniques 
into their current activities as appropriate. 

3. Bridging the\gap between' the theoretical 
V background pf recent engfneenng and scienc| 

graduates and what they qeed to know dbout the 
reduction of new knowledge to practice » 
thereby becoming creative and productive on a 
specific job in a particular company. 

4. Converting professionals who have been previ- 
, ously trained and experienced in ar^as or fields 

II. How the Challenging New K^nowledge Environment and Penalties for Falling Behind Affect 
. Scientists, Engirieers and Technicians. Delineation of CE/S&E Audiences. Categorization of 
Various Target Audiences and Their Interrelationships 



other •than those in which they are now 
employed or seek employment. 

5. Updating the knowledge and skills of engineers 

who have slipped behind in their own areas of 
specialization through either neglect or preoc- 
cupation with older technologies, possibly as 
related to high-production enteip^se. 

6. Reorienting engineers who have been transferred 

or 'promoted into jobs for v^hich they are in- 
adequately prepared so as to accelerate the pro- 
cess of learning on the job and becoming an 
effective contributor or manager* in their new 
assignments. 

7. Retraining engineers whose specialties are obso- 

lete. 

8 Upgrading the competence of enginS^who have 

been inadequately prepared. Jj i' 

9 Familiarizing technicians and other support per- 

sonnel with engineering concef^ts and terminol- 
ogy so that they may communicate effectively 
. with professionals and thereby perform closely 
• related work with greater understanding aqd 
proficiency. ^ 
10. Transferring new knowledge emanating from 
applied research and development activities 
into established patterns of gr?iduate and under- 
graduate education. 



Professional contributions of most scientists, en; 
gineers and technicians are affected by their personal 
knowledge dynamics; the net differencfe between their 
individual knowledge losses (over which they have np 
control) and their knowledge gains (which they can con- , 
t^rol). "^Consider Figure 2, which represents a balance 
loaded by forgotten kn^ledge (that may still be appli- 
cable) plus obsolesced iSowledge (that is no longer use-^ 
ful) Jtm one side of the'fulcrum, outweighed by retained 
useful knowledge -consisting of new knowledge gained 
on-the-job by doing* it, new knowledge generated in the 
course of one's work and new knowledge acquired 
through continuing education's a supplement to learning 
on. the job. An individual who has such favorable 
dynamics is developing greater competences. The useful 
knowledge, which is considered to have a half-life of 10 
years, attenuates through a combination of brain cell 
dealh^nd obsolescence by virtue of technological ad- 
vances that replace it. Professionals who are not learning 
at least 100% of what they need to know to keep doing 
• what they are 'doing by doing it are bound to slip behind ' 
unless they make up deficiencies by actually generating 
new knowledge or supplementing ^n-the-job learning 
with cotltinuihg education. . ^ 
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In time, obsolescent individuals will be at risk of un- 
employment with littl^kelihood of recouping their pre- 
vious status amongst professionals. Obsolete scientists 
will not longer be active at the frontiers of knowledge. 
Obsolete engineers will not be asked tp work on high- 
technology programs nor contribute to further advances 
in more mature areas of technology. Technicians who 
h^ve fallen behind will no longer worK, with advanced 
techniques for reducing to hard^/are the R&D performed 
by scientists and engineers at the cutting edges of the 
technological advance. 

It is important to recognize that a brohd range of talent 
and intellectual acuity exfsts amongst these three major 
groups of nonacademic practitioners. At the very top of 
Xhese groups are individuals who work alone or in mixed 
teams on creative contributions to the technological ad- 
vance. They continuously need new informatfon relating 
to similar lines of work, but at somewhat differing intel- 
lectual levels or froni differing perspectives. Below this 
top grouping l^es an almost contmuous spectrum of con- 
tribution, and hence knowledge needs, that ranges from 
highly advanced to routine \Vork in line with their func- 
tions and fields. Advances often occur in every work 
area and at every contribution level, but the pace of 



Figure 2.— The Knowled] 
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change usually •falls off from very fast towards static with 
the maturity of the science or technologies involved, s 
.Practitioners in the more mature fields, however, are 
subject to replacement by iridivid^ials from the more ad- ^ 
vanced areas as they obsolesce or otherwise descend into 
ihe less' challenging jobs. Frequently, the replacements 
are younger people who have hot kept updated in a 
higher technology 'job and are happy to accept lower 
paying employment. Sometimes the replacements, arc 
entry level individuals b^ingexpdsed to company'opera- 
tions, but without much expectation for creative con^ 
tributions, # - - ' 

A hierarchy of competences can be used to categorize 
CE/S&E audiences, but it is important to realize that a 
given in;iividual can readily slip down this hierarchy by 
not doing enough to remain abreast of developments at a 
particular level. Of course a given individual can also 
ascend the hierarchy, but strenuous effort is required 
against fast-moving targets. Every professional faces this 
problem, but especially so the entry level scientists, en- 
gineers and technicians. 

An educational hierarchy kho exists that correlates 
accurately with the intellectual capacities of individuals. 
This hierarchy,, given in Table^I, categorizes the several 



levels of learning or teaching/learning processes that may 
be used to delineate differences between and within vari- 
ous CE/S&E audiences.' 

Here, then, are thq principal CElSScE audiences which 
we must serve to maximize their contributions as scien^ 
tists, engineers or technicians consistent with their Intel* 
. lectual planes, diligence in updating, creativity and 
energy. 

a. Advanced Scientists and Engineers in Industry and 
Professional Practice 

These persons are highly creative and generate most of . 
the new knowledge in the physical sciences and technol- 
ogy. They often wgrk together on R&D teams and in 
time acquire similar job functions. Differences between 
theit;^ competences and contributions tend to blur. 

As a group, these individuals are highly motivated to 
continue their educations informally, but can benefit 
from interactive teaching/learning educational sessions 
during which they would exchange information, argue 
controversial points and invite experts in particular sub- 
ject areas to present brief seminars and then remain as 
resource persons during subsequent discussions. 



TABLE III.— The TeacMng/Learning Hierarfchy 
Applicable ^ 
to Several Levels at \yhich CE/S&E 
Must Be Conducted 

1 . Learning Mth the help and example of others - possibly 
the most effective means for acquinng basic and even pnmuive 
information as in infancy, in adolescence, m secondary educa- 
Uon and in many instances of what is called higher educanon. 
At this level, the mother helps the child, the teacher instructs ' 
the pupil and the professor lectures to the students. All learners 
pass through this level, but for many it is terminal, and the 
self-teaching component of the process is minimal, 

2. Learning from one's own experiences by applying what 
has been learned p^viously to problem solving. This form of 
self-tcaching/lcaming hiay occur at any age, but the frequency 
of such learning increases as the content becomes more ad- 
vanced and pragmatic, particularly in professional fields. This 
hierarchical level of learning seems to be terminal for most 

• people. When it becomes a-matter of policy to accept only what 
one has learned by oneself, however, it is the beginning of a 
retrograde process toward pnmitive ignorance. 

L earning from the experiences of others in their efforts to 
^i^^^roblems. Few> people, even professionals, realize the 
^^^^pge available by studying the expenences of others in the 
^^^Kon of problems with which they are confronted. Libranes 
. store information of the kind that could be of benefit to 

many arc seldom used by engineers, and all too few engineers 
seek experienced helpin solving their own problems. This form 
of sclf-teaching/lcaming is the key to job enrichment* and pro- 
fessional development. 

4. Learning in the process of teaching others. Teaching 
usually includes ^formal classroom Icctunng and recitation, 
writing or simply communicafing with others. Learning "occurs 



in teaching others because the competence of the teacher is 
^allenged and thereby motivates teachers to stay ahead of their 
students. Professionals who learn on their jobs and teach what 
has been learned to others reinforce their own learning and 
become skilled in applying what was learned. 

5. Learning from one's own experiences in the process of 
generating new knowledge useful in recognizing it as such. Th&^ 
generation of new knowledge usually implies that the profes- 
sional has already acquired expertise in a learned field together 
with a sufficiently large body of information from which to 
draw as an aid in recognizing new knowledge useful for under- 
standing new or previously unexplained phenomena and de- ' 
scnbing their effects. 

6. Learning by sharing with others one's own experiences in 
the process of generating new knowledge and benefiting from 
others' experiences gained in similar processes of generating 
new knowledge. This level of teaching/learning suggests an 
information exchange among individuals working^at the very 
frontiers of knowledge in their fields as well as abilities to 

ulate abstractions that can carry over from one field to 
er or to differing situations and circumstances so thatt 
subjecuve problem solving can be done in vanous»fields. 

7. Learning by functioning as a catalyst who initiates a 
knowledge exchange among advanced professionals, keeps 
discussions heated as well as focused on the subject and helps 
the group over difficult, controversial or speculative points as 
they arise This function is the most demanding, but also 
involves the catalyst in a highly rewarding teaching/learning 
expenence. 



* Job enrichment • ihc Expansion of a job's content; hence the 
extension of its challenge and its incumbent's responsibilities, authority • 
and accountabihty 




In most instances, these persons already have their 
terminal academic degrees and are not-intere^ed in ob- 
taining additional academic credentials*. NcJr do they par- 
ticularly care for the usual academic controls of quizzes, 
examinations, detailed or lengthy assignments, grades 
and<prerequisites. As a rule, they are interested in subject 
matter at the v^ry frontiers of knowledge about which 
little has been published. In most cases, the topics co- 
vered are years ahead of insertion jnto academic curricu- 
la. 

While considerable variation will be found amongst 
their formal educational backgrounds, they are mdividu- 
ally capable,of compl-ehending aad contributing to class- 
room 'sessions because they have acquired the requisite 
background knowledge on the job. 

b. Technicians Working in Support of Advanced R&D 
Activities 

Inasmuch as advanced scientists and engineers tend to 
lose' sight of the intellectual and educational differences 
amongst people with whom they work intimately, these 
technicians' are e'xpected to uomprehend the hardware 
aspects of work in progress almost as if they were major 
contributors In fact, they are expected to make orc^\Q 
cojitributions to the development of hardware, and their 
advice is sought for suggestions or recommendations 
whereby scientific and engineering ideas cap be trans- 
lated into equipment and their feasibilities demt>'nstrated 

For these reasons, technicians working in support of 
advanced scientists arid engineers are expected to be" 
conversant in the principles underlying the hardwafe in- 
volved, the theory of equipment operation,, \he appli- 
cable performance parameters and means for measuring 
them^, methods of hardware fabncation and quality tes^t- 
ing, general design requirements and means for deter- 
mining correlation with design, compliance with mate- 
rials specification, tests and standards, as well as recog- 
nition of errors in the design introduced by scientists and 
engineers who may lack sufficient practical expertise, in 
the specification of hardware 

'fhc^se technicians learn most of the new knowledg/2 
required to perform their jobs in the processes of doing 
so, but smce hardware designs and changes in materials, 
cori\ponents, techniques, specifications and tests as.welljf 
as standards are continuous and rapid, a variety of spe- 
cially designed continuing educational programs are re- 
quired to help them keep abreast of pertinent develop- , 
ments. 

c. Scientists, Engineers ani Technicians Working on 
Routine Assignments 

Althpugh a wide assortment and impressive niynber of ^ 
scientists, engineers and technicians appear to be dili- 
gently at work, it is important to understand that only a 
small fraction of tiie>e persons are truly malting signifi- 
cant progress and contdbuting^to technological advances 



that require nevj^technology transfer and'continued learn- 
ing. ^ ' - - 

Many scientists, engineers and technicians^ work on 
routine tasks, however advanced they may ap])ear, and 
are quite complacent about ifot stressing their 
corfipetences by needing to apply new theories, 
techniques, materials, tests, specifications or standards 
to the performance of new or even old functions under 
different or more difficult conditions and adverse con- 
straints. Concentration on routine tasks contributes to 
obsolescence, but seldom forces ^he contributor to sup-, 
plement on-the-job leamingf with new. knowledge that 
simply is not obtainable on the job. On^of the earliest 
indicators of falling behind is the inability of an indi- 
vidual to fully ^comprehend the technical^iterature in 
one's own field. Therefore, despite their seeming preoc- 
cupation with work, which often consists of brushing up 
on well-plowed ground, the contributor to routine tasks 
relies on proven techniques and components, that usually 
place less stress on equip&nent and operate at lower 
speeds but are understandable and useful until replaced 
by competitive equipment. For these reasons, the con- 
tributors t^ routine tasks are unduly conservative, seldom 
adventurous in the sense of specifying or utilizing radi- 
cally advanced technology, they dislike change, are re- 
sistive to miniaturization and tend to avpid increases in 
automation for fear of losing control of equipment opera-^ 
tion. 

Unfortunately, scientists, engineers and technicians 
who are comfortable in routine work are seldom volun- 
tary participants in continuing education.' While they 
constitute the largest identifiable audience for CE/S&E, 
a measure of compulsion is required to make them par- 
ticipate. No doubt they can be pN^tsuaded to continue 
their educations, given sufficient pressure, but it is 
necessary to start at the Job level anoensure that the 
climate is conducive to innovation and consistent \yith 
motivating factors that stimulate rather than compel par- 
ticipation m continuing education. J4i€^/elimate essentia 
to stimalatinjg^participiation in CE/S&E so that persons in 
this group cairrise above routine task^ is as follows:^ 



1 . Opportunities to learn and develop new knowl- 
edge on a challenging job. 

2 Freedom to publish new knowledge within con- 

straints ^jmposed by security and proprietary 
consideration^. 

3 Opportunities for creative contribution on the job 

dbspite pressures imposed by contractual com- 
mitments-. — *^ 
4. Supportive attitudes of management toward inno- 
vation, particularly when not covered by con- 
tract. 

5 AccVssibilityjo resource persons and courses in 
tht^plant. 

6. Adequacy of related engineering and shop support 
for creative activities: 
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7. Availability of pertinent in-service courses that 

can btf taken on the job. 

8. Opportunities for cross-functional experiences as 

a factor in professional development. 

9. Encouragement to participate in the work of pro- 

fessional societies and contribute to eng;neer- 
ing symposia 

10. Absence of factors or pohcies that unnecessarily 

inhibit professiopal activity or development. 

11. Favorable physical conditions m the work envi- 

ronment. ' j 

12. Congenial colleagues and generally good morale. 

13. Encouragement of younger engineers' to do 

graduate work on a tuition refund plan. 

14. Support of quality continumg engineering studies 

that may^or may not be job related. 

d. Scientists and Engineers in Midcareer 

Scientists and engineers in their fortie^ave generally 
risen in salary to levels that cause management to won'der 
whether it is getting its money *s worth. They have been 
. on the job an average of 20 years and should either have 
transferred to management, accumulated a track record 
of solid accomplishments or fallen behind through com- 
placency and routine assignments. 

Whatever stage they are in, the technology affecting 
their work has usually undergone radical chafige Their 
abilities to hold on t» their jobs, however (othtr fa^Jiirs 
such as business climate being favorable), mdil^tes ihm 
they have someflbw kept productive. Yet they may need 
to choose from I variety of CE/S&E educational oppor- 
tunities to enhance ^their competence to operate at the* 
forefronts of the technologital advance. 

Of this ntidcareer group, the outstanding contributors 
will probably need little if any formal coursework They 
will probablyj)^ the itistcuctors of the science,, engineer- 
ing and management courses* that theii'^ less able col- 
leagues will take They may, howeyj?r. participate in 
interactive teaching, learning sessions that are heated, 
speculative and stimulating while focused on difficult 
aspects of work in progress or difficult problems facing 
the field and apt to arise in new business ventures. 

Midcareer engineers who have not *establistied out- 
standing records .are generally vulnerable to replacement 
by younger peojple at a fraction of their salaries or subject . 
. to reassignments to work that is less taxijjg. Given a ^ 
measure of sympathetic ^areer guidance, members of 
this group can be reorieltfctHntoSactivities that are 
productive,, stimulate learning on thejjob, and are suffi- 
ciently challenging to require suppl^entary CES&E. 

e. Unemployed Scientists, EHgineers and Technicians 
as Weil as Those Facing Termination or Designated 
as, Surplus " ^ ^ » 

The physical Sciences and higher technology indus* 
tries have not been stable /n recent years. In part the ' 



"feast gr fajnine** character of these industries, is at- 
tributable to perturbations of the economy, but in most 
. instances a lack of proper planning, political factors af- 
fecting deferwe procurements, and thanges in tecjhnology 
account for the geographic as well as numerical shifts in 
manpower that force physical scientists and engineers to 
follow jobs around the country. Uprooting°of families** 
and loss of pension contribjjtions by emp^ers, in addi- 
tion to lo>ses of jobs^, make the vpfiysicjP sciences and 
engineering l.ess desirable career fields fgr young people. 

Of course, not all scientists, en^irieers and technicians 
lose their jobs because^ of contract terminations; soihe 
become obsolete and leave their fields. *A large nLimt)er "' 
of scientists and engineers who have lost their jobs, 
however, did so often at the peaks of their careers. Their 
salaries were^high, so their companies couldn't afford to 
keep them. For example, the reward for the' successful 
completion of Project Apollo, for*most engineers in the 
aerospace fi^, was termination of {heir epiployrnent. ^ 

Unemployment for a significant numb>er of^scientists," 
engineers and<technicians, while traumatic, is relatively 
brief. Those that do get nev^jobs, however, usuall^ do so < 
at appreciable loss in salary arf^ opportunity to contribute 
a\they ha^iwen. A measure of reorientation plus retralin- 
, ing ih requirol, but the principal concern is that of learn- 
ing readiness. Virtually no learning ^an occur when the 
individual is preoccupied with financial concerns, lack of 
a job, famil}^ problems and unmet' community qommit- y 
ments. The first requirement a job with promise. Then, 
with a measure of competent counseling, the individual 
can learn on^the new job and supplement such learning 
with ,appropriately designed CE/S&E.** 

}^roDably The greatest w^aste of scientifiuand engineer- 
ing talent r which is a great national resource « is the 
career damage that occurs when creative coiltributors are . 
thrqwn out qf employment. Yet, however strenuous the * 
efforts of retraining, it is pointless* to expect unemployed 
professionals to benefit from CE/S&E until their per- 
sonal concerns are mitigated and they haVe a firm offer 
of a'job upon completion *of the reorientation or retrain- 
ing program.' , 
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Ertimfjig Level Scientists and Engineers . 

W<^ateMer their academic 'levels at the point of erftry 
into professional practice, recent graduates of Sicience 
and 'engineering schools^face an ever- widening gap be- 
tv^V" their theoretical and increasingly liberal* educa- 
tiomi^^ffifchtjie reqi^rdSiiuits for creative contybutioh op a 
P^i^^^^ joff'^^a specific industry. ' 

li^flmmployers h^ve formulated on-the-job' trainlifg 
progrffl| and spe^al educational patterns that are effec- 
tive in cki^g^'theMp, even though the recent paduates 
face fast-moving tal"gets.<!E/S&E programs for them are 
^st accomplished pn an in-plant'basis. While such pro- 
grams.genecally sypplentenl learning' on the job, they do 
ndt quite meg! Ul^ ' need for creative contribution at high 
leveLs. Alm'gl^s a rglef, recent graduates do not partici- 
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pate in out-of-plant CE/S&f programs until they have 
accumulat9d about Shears of professional experience 

g. Re-entering Scientists^ Engineers and Technicians 

Individuals whp have been away from their prof^s- ' 
sional practice for extended periods of time for reasons 
of illness, to raisca family, extended unemployment, to 
-Study full-time for advanced credentials, orjpave for 
Wntechnical service, find that their fast-moving fields 
have rushed past them and that a substantial gap in 
knowledge exists between their competence and that re- 
'qaired for creative contribution. The problem is not un- 
like that of the entering recent graduate except that many " 
younger'{)fjople had in the interim moved into their jobs 
and are now competing with them. Women, in particu- 
lar, find that their new colleagues are often 3 to 10 or 
more years younger and highly competitive. 

Probably the most effective way to integrate re- 
^ entering individuals is to provide theiYi wjth a challeng- 
ing job. that is supplemented by in-house CE/S&E aimed 
at compres^ng the time required to bridge their knowl- 
edge gaps."* 

^ * h. Scientists and Engineers Entering Without Formal, 
Technical Backgrounds 

With the growth of interdisciplinar> aspects^ of R&D, 
many people with academic preparations in^ mathemat- 
ics, theoretical physics, psychology and the like are to be 
found working in industry as engineers. In most in- 
stances, such people who have not achieved terminal 
degrees in their fields have found a career home in en- 
gineering. Their talents are welcome and they have made 
^notable contributions, but because they are' not particu- 
lariy cjnversantX in engineering, they cannot have as 
much impact on tfft job or learn as much on the job as 
^ they should 

Some of these people have taken graduate s^wk in 
engineering, on either a part-time or a full-time basis. 
Most of them, Ij^wever, can benefit from a combination 
of CE/S&E in-plant and university -based programs to 
strengthen their engineering backgrounds so that they 
may be stimulated 'not only to enhance knowledge ac- 
quisition on the job, but also to upgrade their contribu- 
tions \ 



1. Support Personnel ~ , y : ^ 

One of the difficulties encountered by industry is a 
lack of adequate familiarity with technology on the part 
of support personnel. This situation contributes to inef- 
ficiencies in such functional work as finance, legal 
."Services, contract administration, purchasing, security ,^ 
manufacturing, warehousing, computer operations and 
the like Jt is not liecessary for personnels such func- 
tions to acquire the conversance with technology ^ 
pected ofrtechnicians (mcluding laboratciry assistants, 
draftsmen, test operators, inspectors, machii^sts, in- 




strument repairmen, electricians and other technical 
production personnel), but the.y and the industry can 
benefit from a better understanding of their product lines 
and processes involved in creating them. , 
A variety 6f awareness programs should be made 
available for such personnel on a continuing basis to help 
them acquire insights that will help them d6 their jpwn 
jobs better wher^ conversance with technology is in- 
volved. ^ ^ • 

J. Immigrant Scientists, Engineers and Technicitins 

The average annual new openings of jobs on a national 
basis projected for the period 1977-1985 are approxi- 
mately 17,000 for physical scientists and mathemati- 
cians, 73,000 for engineers and 59,000 for science and 
engineering techmcians. The corresponding ayefage an- 
nual replacements expected for these opening based on 
past experience in filling such jobs from available 
sources, as determined from U.S. Bureau of Labor 
Statistics, are only about 10,500, 40,000.and 16,000. An 
annual average shortfall of 6,500 scientists and 
mathematicians,^ 33,000 engineers and 43,000 techni- 
cians is^eApected for the same period.^ 

While ^is projected that the U.S. educational estab- 
lishment will graduate an annual average of 52,000 phys- 
ical scientists and mathematicians at all degree levels, 
67,000 engineers in all categories and 73,000 science 
and engineering technicians, which should be more than 
enough to satisfy the openings, the majority of U.S, 
graduates will elect not {o enter their fields. They will go 
on to other endeavors for^ which science, mathematics, 
Engineering or technical education seem valid prepara- 
' tions. 

Some of the job openings will be filled by persons 
having nondirect but nonetheless pertinent educations — 
such as scientists or mathematicians working as en- 
gineers. 

No doubt, the shortfalls \vill present opportunities to 
foreign scientists, mathemajicians, engineers and techni- 
cians for jobs and immigration. Those from English- 
speaking countries will be readily integrated, but the 
majority of such immigrants will require continuing^du- 
cation to help them adapt to U.S. practices? 

Estimates of Nonacademic CE/S&E Audiences 

The* Bureau of*I.^bor Statistics, U.S. Department of 
Labor, provides data that can 'be used to assess the num- 
bers of individuals in the several occupations who might 
benefit from CE/S&E, but mainly on a national basis. » 
V Unfortun^itely, indications are that only a small fraction 
\of the technical labor force is now committed to continu- 
ing educati^jn. An assessment nationwide remains to be 
made, but even in a high-technology locale such as Bos- 
ton, Massachusetts, probably less tjjan 3% of the eligible 
population currently participates in university-operated 
CE courses, and less than 10% of the eligible population 



participates in company-conducted programs. For these 
reasons, in plannmg most CE/S&E programs it is 
necessary to focus or> a particular locale or region in 
assessing the probable audiences, Yet» even if such data 
were assembled, further speculation would be necessar> 
^ to estimate the sizes of particular audiences as functions 
of their occupational status, needs and abilities to par- 
ticipate h\ CE/S&E, at various levels. 

Data taken from reference 6 are presented here to^ 
demonstrate the overall population, nationwide, that 
could conceivably participate in CE,S&T1 hereafter 
called the eligible poputmion). then, data based on the 
Boston industrial complex i^ used to illustrate how van- 
ous nonacademic CES&E audiences can be estimated 
for a given geographic location ^Of course, some 
CES&E programs draw nationallylK mtematibnally,^ 
but the expense and shov\ duration of such programs 
places them in a special category. TheyVay augment, 
but do not constitute, CES&E on a continuing basis or 
regimen for supplementing learning on the job. It is im- 
pt)rtant to recognize here that, however useful occasional 
attendance at a short course of , several days' to several 
weeks* duration may be,, such courses do not replace 
continuous lifelong learning essential to keep scientists, 
engineers and technicians updated, innovafive and com- 
petitive. Moreover,^ the tuition, travel and living costs 
associated with such programs, in addition to salary and 
overhead paid during employee participation in short ' 
courses al national centers' precludes attendance by sig- 
nificant numbers of professional people Most industrial 
organizations ,allow their top contributors to attend a 
1-week short course about once every 2 years 

The National Scjm^e (Figures Based on Estimates for 
1977) 

About 450,000 scientists, 1,200,000 engineers and 
950,000 technicians are currently employed ^ In,addi-"^ 
tion,^ about 70,000 mathematicians are employed in di- 
verse capacities, some of which arc applicable to indus^ 
trial practices. ' ^ 

It IS projected that by 1985,> about 533,000 scientists, 
1.500,OOCrenginj|>rs and 1,240,000 technicians will be 
enip|o>ed. Addi^a^ally, 77,000 mathematicians are ex- 
pected to be in professional practice. " . ' 

The sfze of the potential market is large, but it would 
be highly optimistic to expect more than 207< of these 
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people to actuall) participate in CE/S&E, at all levels, in 
the near future. Undoubtedl>, with further advances of 
science and technology, plus Federal encouragement of 
CE, S&E and the possible adoption of certification pro- 
cedures for registered engineers and some technicians, it 
ts likel> that 50^ of the national eligible manpower force 
in science and t^chnolog) will commit itself to CE/S&E 
as an ongoing career-long regitnen by 1985. 

On the basis of these assumptions, in addition to an 
assumed linear attenuation of audiences with age, the 
anticipated audiences at all levels, by age groups, are 
estimated here to be as follows: 

Althougl the above table is based on participation by 
2&^of tiy eligible populations nonacademic CE/S&E, 
It IS e^mffated that only about 10*^ of the current eligiljle 
population participates in all forms of non-academic 
CE„S&E. With government encouragement, participa- 
tion should rise quickly to 209c for combined 
university-based and industry-based CE/S&E progfams 
These figures do not include undergraduate and graduate 
students seeking academic credentials either on a fi^II- 
time or on a part-time bi^sis. 

The-Boslon Complex 

Jt seems .important to indicate, at the outset, that the 
Greater Boston area has unique industries and educa- 
tional institutions which constitute an unusQal laboratory 
for CE/S&E in its several aspects. It can also provide a 
model for assessing needs and target audience in any 
locale. 

, Boston has numerous industrial organizations based 
Cin advanced technologies that are actually satellite oper- 
ations of large companies headquartered elsewhere in the 
country, but their practices relative to CE/S&E on home 
grounds may differ radica4ly from what they are in Bos- 
ton. Fortunately, most of these compnies usually have 
enlightened policies concerning continuing education, 
but they *ire also very discriminating with regard to costs 
and the qtiality of education. Thu^, tfiey prefer in-house 
programs if outside opportunities (university-based) are 
not available or favorable, df course, Boston has its 
share of locally centered, sprawling companies with dis- 
tant plants and facilities. Some of these companies ^re 
also generous and farsighted regarding educational Be- 
jiefit^s for employees. 

Industry in the Greater Boston ^rea ranges from light 
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\ Si lentists 




— ■ iCngineen 




Technicians 
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1977 


1985 


1977 


1985 


1977' 


^985 


22-28 i 


27,000 


32,000 


61.000 ^ 


76,000 


49,000 


64,0«0 


(Entenn^J^els) 








. 120,()b0 






28-40 V 


' 42,000 


49,000 


97,000 


76,000 


100,000 


, (Seasoned Levels) 














40-50^ 


22,000^ 


26,000 * 


51,X)00^ 


63,000 


40,000 


52,00P 


(Midcareerl-evelsT 








23,000 




50-65 


12^500 


15,000 


29,000 


36,000 


30,000 


(Mature Levels) 
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to medium heavy, and\ncompasses such things as lex- 
tiles and textile machinery, shoes andsghoe mathin^ry, 
leather and W09I processing, energy conversion, defense 
electronics, electro-optics, shipbuilding, scientific re- 
search, seafood processing, paper goods, sugar refining, 
coffee processing, meat an(| dairy foods production, fruit 
and vegelable processing, garment manufacturing, med- 
ical and dental instrumentation, aircraft and marine 
propulsion machinery, specialty rubber goods, printing 
and publishing, hydraulic and pneumatic equipment, in^ 
dustrial materials processing machinery and equipment, 
furniture, bedding, confectionery production^hoto- 
graphit equipment, electrical insuiiments, toy^^mufac- 
turing, plastics, industrial chemicals, p^mps, blowers 
and fans, furnaces and ovens, razor blades, data proces- 
sing equipment and a multitude of .sundry manufactured 
g6ods produced in seemingly countless small production 
plants operating on job-shop bases. In addition, regional 
offices of numerous distant industrial organizations are 
^centered here to service their customers and plants in 
New England. Since many of these organizations are ' 
technically oriented, a significant group of scientific and 
engineering people are associated with their offices and 
constitute a substantial part of the local emicational mar- 
Icet, 

Another factor that makes Boston different frop many 
urban centers is the large number of leading educarional 
institutions that provide courses and seminars ^^Twelbas 
special programs in virtually all subjects, at all reasona- 
ble hours of the day and night, and at all levels. Con- 
sequently, it is possible for individuals to update or 
upgrade themselves in institutions such as Harvard, 
MIT, Northeastern, Tufts, Boston University and Boston 
- College, among others, both at graduate and under- 
graduate levels. " 

Table IV provides an estimate of the current composi- 
tion of most Greater Boston industries and the numbers 



of engineers employed by the largest of 200 industrial 
organizations within a IS-mile radius of downtown Bos- 
ton. This table is based on the latest information (1974) 
available from the Greater Boston Chaniber ofXbm- 
" merce. No provision in the collection .or reporting of this 
data distinguished betCveen. scientists and engineers. 
Thus, tfie assumption is made that the data forengineers 
includes physical scienti^s. 

More' recent data (1975) furnished by the Mas- 
sachusetts Division of Employment Security^ showS that 
there are 249,688 professional and related technical 
workers in the Greater Boston area, but of these only 
28,150 are listed as engineers and 20,653. are technicians 
(except hAlth). On the assumptions that here the en- 
gineers do not include scientist^ and that the composition 
of the scientific, engineering and R&D technicians work- 
force is similar to the national profile, it is assumed that 
approximately 12,000 physical scientists, 28,000 en- 
giaeers, and 20,500 technicians are employed in Greater 
Boston. 

^ On the basis of these assumptions, the probable target 
audiences for nonacademic CE/S&E during 1977 and as 
projected to 1985 by age groupings for 20% participation 
and a linear-attenuation by age of the eligible populations 
' are as follows: 

These figures correlate fairiy accurately with current 
estimates of participation for personnel in the jGreater 
Boston area covering both company-conducted aod uni- 
versity-based nonacademic CE/S&E. It is expected, 
hgjyvever, that given' added incentives and governmental 
^-Encouragement, participation could rise to 50% of the 
eligible populations or 250% of the figures given above. 

At present, approximately 1,200 professionals partici- 
pate annualjy in the CE/S&E program at Northeastern 
University. Approximately 20% of the participants have 
Ph.D.'s, 60% have master's degrees, and 20% hold 
bachelor's degrees in the sciences or engineering.® 
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Years 
' 22-28 
(Entering Levels) 

28-40 , 
(Seasoned Levels) 
. 40-50 

(Midcarcer Levels) 
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* Scientists 
1977 

600 ; 


1985 
700 


Engineers 
1977 
1,500 


1985, 
' 1,800 


Technicians 
1977 
1,000 


1985 
' 1,300 


• 1,000 


1,200 


2,300 


3,400 


1,700 


2,100 


500* 


600 


MOO 


1,600 


800 . 


1,000 


300 


360 


700 _ 


1,000 


500 ' ' 


• 600 



IIL Characteristic^ of Productive Scientists, Engineers and Technicians; The Most Li(tely 

Candidates for Continuing Educalion 



What then are' the characteristics of productive scien- 
tists, engineers anc^ technicians who are the most likely 
candidates for CE/S&E? First and fojemost is their pro- 
ductivity'. Whatever level of science or technology they 
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work at, they are full 'of 'ideas for advancing or imple- 
menting new developments. Moreover, they are not 
stumped by ob$tacles in the realm of cljange, theory, 
materials, manpower, facilities or"fimds"^ They do the 
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TABLE IV.— Competition anjd Employincnt~43reater Boston Industries 



Product or Sehice Lines 

Rubber Qoods 

Chemicals 

Oleics 

Office Equipment ' «w 
Building Materials 
, Elcctronicv-Comirtunication 
Electronics — Aerospace 
Electronics — Industrial 
Machine^Paits 
Garment Industry w 
Domestic Devices « 
Packaging Materials 

* Paper Goods 

Leather Goods ' 
Shipbuilding 
•Instrumentation 
Electrical Mach|nery ^ 
Aircraft and^Xtarine Propulsion 
Automotive Parts and Assembly 
Barbering Supplies. 
Biomedical Iilstrumentation 
Energy Conversion 
Computer Technology 
Toys 

Industrial and Product 

Research 
Spirit Distillation 
Military, Planning 
Photographic Equipment 

• Food Processing 
Textiles^ , * 
Printing and Publishing 
Banking aind Finance 
Domestic and industrial 

Insurance 
Wholesale and Retail Trade 
Trans^hAtion 
Utilities 

Telephone and Telegraph 
Health and Hospital Services 
Higher Edilcation • . 
Hotel and Recreation - if 

• Food Products and Services- 
Construction 



Total Employees ' 

Within 
15-Mile Radius 
200 Employers 



Estimate of 
* Engineers 
Wotking Withm 
15'Mili^Radius 



Within ' 
25'Mile ifbdius 
Total Employees 
500 Employers 



i 



8,200 

2,975, 

I, -600 
5,800 
7,617 

28,405/ 
15,648 
11,850 
7,960 
500 
500 
^ 2,600 
5,600 
6,300 
7,486 
5,500 
5,200 
8,450 
\200 
800 
660 
10.500 
- 650 

3.67B 
500 

1,700 

6,000 
650 
700 

7,500 
"12.070 

' 18.900 
37.5D0 
^11,000 

II, 320 
10,000 
17,000 
38,000 
.5,400 
15,000 

6,500 



353,826 



/ 



MX) 
460 
850 
40 
520 
1,800 
7,000 
.1,600 
850 
*20 
^15 
30 
225 
50 
150 
2,500 
510 
1,200- 
L75 
200 
425 
350 
i,100 
35 

2,100 

990 
1.200 

3a 

150 
40 

Mo 

-260 
600 
40 
350 
700 
125- 
3,000 
60 
10 
850 



32,655 




9,51)0 

5,000 

6T500 

2^00 

3,000 
15,000 
40,000. 
22.Q00 
18,000 
1^.000 

I, 200 
s3.800f' 
14.500 

7.500 , 
11.000 
6.000 
5,20b 

4<000 
^.300 
800 
6.000 
800 

8.500 
^ ,500 
1.700 
7.500( 
1,600. 
2.500 ' 

II. 000 > 

13.000 ' 

s 

. '20.000 
65.t)00 
^16,000 
^13.500 
18.000 
29.000 
46.000 
12.000 
40.000 
26.000 



551.200 



best* they cant, ^ow 
manage^ further th 
sight of time because o: 



trying the circumstances.- and 
^in progress. They tend to lose 
^irption in their work and dig , 
h»d for new knowledge SS^phniques th^t they feel are 
required to do the job right. Above alljflse. they com- 
municate openly with their colleague^^^are information 
and teach each olher thosCithTingsS^must be transferred 
vvjthoutundue concern for position or rank. In particular. ^ 




the earmarks of diligent C^&E learners can be summc- 
rized as follows:^ . * . 

1 . Assume leadership roles on difficult pfojecjs and . 
/ proposals. * ' ^ ^-^^ 

' 2^erve as spokesmen during presentations lo im- 
, portant customers of complex proposals or re- 
Fforts. \ ^ 
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*3. Document creative contributions to-^dvanced de- 
♦ velopments'or researih. 

4. Publisl) papers ip noteworthy professional jour- 

nals. * ' 

5. Make knowledgeable contributions 'to business 

planning and marketing strategy. * ' 

6. Speak before technical -societies, custoiT)ers col- 

leagues and management. 

7. Participate in after-hours teaching of in-house 

courses or at a university. 

8. Are' .frequently consulted- by colleagues, other 

companies, vendors, customers or government 
' agencies. ^ 

9. Participate in job-related continuing engineering 

studies as stQdent, mstructor or both. . 
10. Receive repeated job offers. 

- Equally important, it is necessary to understand the- 
characteristics of professionals .as learners when im- 

'f>lementors of continuing education are formulatmg 
CE/S&E programs. If these- characteristics are not reeog- 
nized and acted upon by management as well as the 
administrators of continuing education, serious errors in 

, program design and implementation will be made and the 
leffectiveness of the program reduced. 

The characteristics (Tf the contributing scientist, en- 
gineer and technician as a learner are: ^ 

1 . Possesses a body of knowledge and experiences 
^to share and is often a generator of new knowl- 

2. Usually has depth in one or more discipltft€^nd 

breadth in several areas of cdncem pertinent to 
work in J)rogress. 

3. Typically eager to obtain specific knowledge di- 

rectly or peripherally related to his or her work. 

4. Often untrained formally ii> the area of immediate 
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vocatignal/specialty because work conteht is 
subject to frequent change or reorientation. 

5. Frequefntly trained in ^discipline differing from 

area in which continuing education is underta- 
ken. 

6. Often capable ot serving as instructor in course or 

workshop being attended. 

7^ Acquired considerable knowledge and deep un- 
derstanding of difficult subject matter on the 
job and through related pgfessional activities. 

8'. *^everely limiteS^in ifme /or studies— generally 
• cannot afforif to take timefrom job. FrequenJ|y 
IS required to travel at times that seriously inter- 
fere with CE/S&E. Allowances for absences 
frohi a progr am mus {.be particularly liberal. 

9. Needs time to digest^ iWect upon and apply 
newly acquired knowledge to the job before 
ready for additional learning. * / 
10. Preoccupied with pressures stemming from pro-- 
fessional, faqiily and community commit- 
ments. 

1 1 Generally concerned with job security and com- 
petitive position rather than advanced degrees. 
Is seldom concerned with grades for course 
work, but is appreciative of ihodest recognition 
, for efforts to remain updated. 

12. Resents being forced into study programs aimed 

at the accumulation of credentials rather than 
, immediately applicable kriowledge.' 

13. Readily discouraged by course prerequisites, 

deadlines, attendance or promptness require- 
ments, hurdler, quizzes, ne'edling, special fees 
or fines for late registration, high-school* at- 
mosphere, etc. 

14. Is sometimes prohibited to share knowledge with 

others to the fullest because of security or pro- 
prietary considerations. 



IV. How Scientists, Engineers, Technicians, Teachers, Researchers an4 Academic vs- Indust- 
rial Employees Remain Current,, Creative and Competitive 



Probably the poorest advice that one can give regard- 
ing how to keep up with a fast-moving field is to drift 
with the stream. It doesn^t work well. Resides, there are 
rapids, whirlpools, rocks and other Tmpediments that 
binder progress. Delibe^-ate, often strenuous, efforts are 
required to steer a survivable course and makeheadway 
in a strearti that rushes .a^ead and merges wWi othet;^ 
^ currents . / 

The key to keeping Abreast. t)f ajastrmoving R&D 
field is significant participatiop in work progressing at 
the very cutting edge of th^/^vance, but doidg so Re- 
quires much inore tharv prt^fftssional contribution. ' 

First and foremost is jrhe need to be knowledgeable in 
the theory and*practices pertinent to the fieU so tbi^t.new 
l^henomena or problerp can be recognized as they ocQur, 
but acquisition of such knowledge rarely ^occurs in 



schools. A sound baokground is essential. Much of it 
initially comes from academic preparation, but most of, 
that background eventually is acquired on the job, par- , 
ticularly as tfie individual grows in competence by apply- * 
ing what is already known to achieve desired*results and 
generating oi* otherwise obtaining such new ^knowledge 
as may be required to achieve those results^. 

An iceberg analogy.* given in Figure 3, illustrates how 
the initial charge of knowledge acquired in school, melts 
kw^y with time as the graduate seasons* and ultimately 



* Achieves a deeper underst^ing.of differences between theory 
and practice, can cope effectively with practicar deviations from the 
ideal in applications of scientific principles, and acquires <!iscrction in 
design that takes into account constraints imposed" by socio-economic^ 
political, acsthcfic. health and cbmpititivc technical factgrs, 
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is replaced by new knowledge acquired in the course of 
professional practice. The qualities of a professional's 
job, however, has much to do with the opportunities to ' 
accumulate new knowledge and transfer it to new work 
and to colleagues.* ' 

In this analogy, a sunny job that poses few difficulties 
leads to complacency, The top of the iceberg melts as the 
bottom d^eriorates in the sea. Similarly, a stormy job 
preoccupies the professional with difficulties and * Tire- 
drills" that afford little time for growth. The top also- 
melts as the bottom attenuates. Only a challenging job, 
represented by snow, allows for the accumulation of 
mass, which in turn also increases the size of the sub^ 
merged mass.* The basic pap of an individuars knowl- 
edge is obtained originally through formal education 
but may bejugafented by new knowledge of a funda- * 
mental sort\acyiiitd on the job. Basic knowledge is 
endunng, yetbecomes rusty with age unless burnished 
frequently through use. The applied component of an 
individual's Scnowledge is exposed to the elements and 
suffers the wear and tear of daily usage. It may change 
rapidly in content, tends to be interdisciplinary as well as 
speculative and obsolesces quickly, but it is the part of an 
individual's. knowledge, that pays off quickly, and its 
mass depends upon the underlying -structure of basic 
'knowledge that supports it. Addition to the submerged 
portion of knowledge, such as through graduate study, 
forces some of it up into the applied area, but usually at a 
rate inconsistent with the pace of technological change. 
Addition of applied knowledge forces more of tlie total ^ 
mass to submerge, thereby adding such basic knowledge 
as is necessary to comprehend and apply new 
phenomena, techniques and materials. Continuing edu- 
cation that truly supplements on-the-job-gained knowl- 
edge and experiences operates primarily on the upper or 
. applied portion of the knowledge iceberg. Its effect on 
the total mass, however, depends upon the quality of the 
CE/S&E program and the abilities of -an indivi(iual to 
* benefit therefrom. In time, accumulations of new knowl- ' 
edge on the exposed portions of one's iceberg may cause 
it to tumble into new career opportunities. Ultimately, 
with age,. accumulations cease and the iceherg melts 
'away. 

Scientists, engineers and technicians in industry must 
^ strive for opportunities to work at the cutting edges of 
technological advances thatf^e not alwa^ available, but 
they are limited in professional growth only by their own 
intellectual* levels and diligence in keeping ahead. Al- 
. though their jpbs can inUxxluce barriers to growth, they 
must exercise initiative to make\the most* of their oppor- 
tunities and help make their jobs learning experiences oot 
only for themselves, but for their colleagues and support 
personnel as well. 

Professionafs in aqademia (teachers) are often con- 
strained by formal curricula that Seldom grow at rates 
consistent with the technol^ical advance. One reason 
for this slow growth is the need to teach fundamentals 
that become firtrtly established and change only Is new 
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knowledge is integrated into accepted theory. Unless the 
academician is an active participant in R^D at the fron- 
tiers of knowledge, either through government grants, 
coQperative programs with industry or <:onsulting with 
industry or government at high levels, little or no new 
knowledge has an opportunity for prompt injection into 
academic curricula. Less than 20% of the nation's physi- 
cal scientists and engineers in academia participate in 
such activities. For these reasons, most academic curric- 
ula ^e years behind the frontiers of knowledge, whether 
basic or advanced. For example, the theory and practice 
related to coherent radiation and its applications have 
"existed for about 15 years, yet few science or engineer- 
ing courses in academia cover the subject. 

Constructive Action Required by Industry and 
Academia 

With -the foregoing jn mind, here are some Sugges- 
tions, to industry and educational organizations, for con- 
structive action to Encourage professional development 
of various target audiences through participation in CE/ 
S&E:'« 

•1. Responsive industries and educational organiza- 
tions must takd^s in developing and offering 
educational programs in which the new knowl- 
edge content is advanced, often speculative, 
frequently not yet committed to print, but suffi- 
ciently provocative and pragmatic to be of in- 
terest to a sufficient number of applied scien- 
tists and engineers so as to wairant an infonfia- 
tion exchange amongst them. The risks are in 
terms of investments of staff effort and funds to 
analyze the knowledge needs, search out re- 
\sourc^ people in the field^pnlist their support to. 
Wflne and develop a program, commit physi-* 
cal facilities, and promote the offering. Such 
programs, almost invariably, fail to pay their 
, own way at the start, but eventually become 
more than self-supporting. A policy in industry 
^ or academia that all CE/S&E programs must 
^ pay their own ways from the outset precludes 
their implementation. ' . 
2. Search' for and organize the required teaching 
staff from amongst persons in academia and 
professional practice who are sufficiently 
knowledgeable in the field, or in related 
peripheral areas , to serve as resource persons to 
professionals earning their livelihoods in the 
same field. Such faculty members must be cap- 
able of planning programs as Well as stimulat- 
ing and leading heated discussions, critiques . 
and interactive prdblem-solving sessions 
amongst informed professionals and be suffi- , 
ciently knowledgeable to help such groups over 
difficult or controversial joints as they arise 
^nd seek expert assistance from other resource 
persons ks required. • 

2i3 • 



3. Continually survey ltieir^>^n conununity needs 
A for new technology and determine the probable 

tnaritet for edU<;ational programs to fulfill such 
needs. 

4. Assess techi>ology ind explore emergent 

technologies with a view toward preparing edu- 
cational programs conducive to technology 
transfer and utilization consistent with societal 
needs and national priorities; but with a focus 
oYi their own community interests and practical 
extrapolations of such interests consistent with 
anticipated means of the community' to excel in 
reducing related ft&D to -marketable products 
and services. * ? 

5. Seek out participants who can benefit profession- 

ally from CE/S&E in terms of enhanced per- 
formance on their jobs and technology utiliza- 



tion in their companies' products and services, 
tfansfer technology io colleagues and support 
, personnel » aS well as share with other ps^ici- 
pants their unique experiences and expertise. ^ 

6. Projvide interactive teaching/iearriitig oppor- 

tunities for participants that draw upon their 
unique experiences and expertise, thereby 
achieving an important form of technology 
transfer. • 

7. Encourage the participation of local college fa- 

culty in continuing education, either as re- 
source persons or»students. and thereby provide 
iheans for transferring knowledge from 
academia to the professional fields of practice; 
but more importantly, facilitate the injection of ^ 
new knowledge from professional practice into 
academia. « 



V Indicators of Itfcipient Obsolescence Amongst Sfcientists, Engineers, Technicians, 
^ Teachers and Researchers 



Employers, colleagues and students have their ways of 
assessing obsolescence amongst their employees, col-- 
leagues and teachers. Obsolescence, like competence,^ 
has a characteristic signature that is difficult to describe,'' 
but the news gets afoimd fast. Employers can measure 
lack of innovation, or ^productivity. Colleagues see in 
their associate a drop in familiarity with advanced as- 
pects of their field. Students sense a professor's lack of 
conversance with advanced aspects of the subject being 
taught when they ask questions about a new development 
that they read about or saw on TV. When such things 
happen, it may be t6^ late. Recovery is difficult; almost 
^£.4)0inlless. * I . . 

Wl^imiicators ari available to thf individual, so that 
self-pa^Sremedial action can bfe taken in time to pre- 
vent obsolescence? /" 

As has already been mentioned,-^ early indicator is 
the inability of an individual to^xoqjpp^end the ad- 
vanced technical literature in one's own field. To make 
this assessment, however, the individual must read such 
literature. Unfortunately, few individuals who are slip- 
ping behind are concerned about reading of advances in 
' their field and fail to detect their own inabilities to Com- 
prehend pertinent articles in the professional literature. 
For 4hat reason alone, management should circulate 
technical literature relating to advanced aspects of their 
. product lines and^services so that its employees might 
. ^ssess their own slippages from the l$i&D cutting edge. 
- ' Another indicator of incipient obsolescence is a reduc- 
tion in the acquisition of ney/ knowledge and techniques 
relatipg to the work in progress. A?^ innovation at- 
tenuates, work becomes routine. Products developed or 
improved by obsolescent individuals change very little as 
competition captures a larger share of the market. 
Failure to participate in proposals for advanced R&D, 



because ol personal avoidance or lack of an invitation, is 
a telling sign. Being left out of business meetings where 
bi(£^no-bid or make/buy decisions are made often dem- 
onstrates that one's associates no longer value a particu''- 
lar individual's judgment. 

Lack of ideas for research or development on dis- 
cretionary funds, infrequent or absence of patent activ- 
ity, lack of publications— even travel reports, neglect of 
outside professional activities such as participation in 
society affairs, and the failure of colleagues to consult 
with ail individual in the course of work are importMit, 
although subtle indicators, that one is no longer pulling 
an appropriate share of the Ipad^ 

The annual review of an individual's performance by 
management should come to grips with incipient ob- 
solescence where it exists and, witlr assistance from 
competent carefer Wnselors, remedial action should be 
taken. ^ 

The question arises: ''Why do so few'professionals, as 
a percentage of the total eligible population, participate 
in CE/S&E? Here are a few th<Sights on Ae matter'^ 
✓ 

1. Few truly- valid opportunities are offered for 

meeting deep-felt educational "needs, particu- 
, lariy in terms of job-related knowledge. 

2. Leaming-on-the-job seems sufficient to manyen- 

gineers because they arc not cortipellal to 
' ' stretch their competencies. 

3. Feeling that competency or productivity does not 

really.pay^pff ..Polftics plays too significant a 
role in many ad^fancements. 

4. Filure to. involye them in interactive tejK:hing/ 

learning experiences ivhere they are required to 
invest their own contributions to the discus- 



sions. 
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5. Un^rsities indifferent to product service (meet- 

ing post-experience, educational needs*of their 
own graduates for competence retention and 
growth plus career reorientation). 

6. Universities dodging opportunities to be change 
. agents (by coupling their own students and cur- 
ricula to societal needs and pational 
priorities — many 'prefer ivory tower isolation 
from real-lift, issues, problems and pragmatic 
considerations). 

7. Professionals are turned off by prevailirvg 

academic attitudes as to what constitutes qual- 
ity pduca<iop.^erequisites, credentials, cred- 
its, regul^ faculty, accredited curricula, 
exams, presfet course sequences, inflexible 
course content. ^ * 

8. Absence of programs -dealing with advanced. 



speculative, highly applied and as yet unpub- 
lished subject matter. 

9. Lack of instructor flexibility to swing with the 
needs and interests of a' class. Usually offer 
off-the-shelf programs such as watered-down 
graduate aijd undergraduate courses. 

10. Dogmatic expostulation of theory known to be out 
of date, ^practical, questionable or wrdng. 

1 1 V Avoidance of real problems of special fnterest 40 
v students on their jobs when, presenftecj by the* 
participants. ^ 

12. .Undue focus on analysis rather than design syn- 
* Ithesis. 

13. Lack of privacy on academic matters-^in the ^x- 

treme, the flow of classroom or course per- 
formance data to employers. 

14. Tuition refunds tied to grades. 



VL Making Continued .Learning-on-the. Job a Central Feature of Professional Practice 



Because scientists, engineers, and technicians spend 
most of their alert time on their jobs, a prime objective of 

\ CE/S&E should be to help make each individual's job an 
important learning activity. Leaming-on-the-job mayte 
stimulated several ways, but CE/S^E focused on interac- 
tive solving of diffK:ult problems confronting partici- 

\ pants on the job fosters learning on that" job as part of 

/ prtt|essional practice and encourages them to teach their 
colleagues and support personnel how to learn on their 
own jobs while transferring .and utilizing technology in 

, their work. Teaching others is a key to one's own learn- 
ing. Therefore, it is the professional's and employer's 
joint responsibility to make each job a problem-centered 
adventure. • 

Most scientists, engineers and technicians learn any- 
where between zero to 100% or more of what they need 
to know to keep doing what they are doing by doing it. 
Because the scientific and technological targets of Aeir 
^^ork are generally changing^ at anprecedented rates, 
those who learn less than 100% of what they need to 
krfpw to keep doing what they are doing, are falling. 

* . behind.' Those who learn less' than 1^0% require 
CE/S&E that ^upplem'ents and further stimulates learning 
on the job. ^ 

Professionals who learn much more than what they 
need tQ know to ke^ep doing* what they are doingr^and are 
able 'to serve as resourcer persons in teachiijg/leamingv 
processes with others, should be enlisted to participate in 
CE/S&E as teachers. They in turn will find that they 
^ learn as much' or more from their students than the stu- 
dents learn, from 4hem and thereby ennance their own 
competences and reputations all the more. 

In the interactive mode of' CE/S&E, a group of 
learning-ready p^icipants, from similar to diverse func- 
^ons, ai-e assembled to discuss a sequence of individual 

. **barrief* problems presented by each of the participants . 
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at assigned times. The sessions are heW once a week for 
periods ranging from 3 to 6 hours. In addition , to the 
instructor who is competent in the general su^ect area, 
experts are invited to give short seminars on the particu-' 
lar aspects of the subject relating to a participant's job- 
related problem scheduled for that day. ' 
^ After the guest seminar, the assigned participant pre- 
sents his or henharrier prob|em. A brief discussion of the 
seminar'and problem follow. Thasession is then^ opened 
for interactive problem solving during which time either 
the instructor or resourc^^l^on serves to keep the dis- 
. cussions healed, focasfed^on the subject, and "help the 
, cla^s over rough spots as they develop. 

Various suggeatipns *and recommendations are made 
to the participant Ihose problem is discussed for applica- 
tion to problem saving on the job during^e following 
\week. The other participants^ have also acquired new 
knowledge that may be helpful- in solving their own prob- 
lems. Each participant whose problem was discussed is 
required to provide feedback from the job at th6 sub- 
sequent session. 

feedback from the jpbs of all .previously presented 
problems is called for at each session. If appropriate 
progress on a particular problem is not being made, the 
instructor and class fo(;us on that problem §md make addi- 
tional suggestions for additional work to be reported on 
at the subsequent session. 

In time, each problem is solved or better understood. 
New theory and practice are introduced at each session 
by the instructor, resource people and the participants 
theitiselves. iParticipants involve their colleagues and 
support personnel in the ^activity, which becomes a 
learning/teaching experience for each^ef them. Benefits 
to each participant become signific^t as the problem 
that they and their colleagues are working on becQihe 



cUrified and solved. Employers find that the process 
pays dividends not only in extending the professional 



competences of their personnel, but also that some of 
their company problems are solved. 



VII. The Distinctive Role of Continuing Education as a Supplement to Learning on the Job 



A variety of industry-based and university-based con- 
& tinuing education programs are offered across the coun- 
try in the form of classes, seminars, workshops, short 
courses and semester-long courses, but most of these do 
not com^to grips with the detailed work contefit of the 
particip^ts nor do they carry over to the work environ- . 
ment. 

To be truly effective in providing scientists, engineers 
and technicians with the new knowledge they need on a 
continuing ba$is, the distinctive role and objectives of 
CE/S&E must be as follows:* 

1 . Provide opportunities for interfield and intrafield 

interdisciplinary knowledge disseminatioiv and 
transfer among all participants, but with a spe-* 
^ ■* ' cial focus on difficult problem solving that in- 
cludes applicable theory and practice, design 
synthesis as well as design analysis. Design , 
• synthesis , the principal component of engineer- 

ing practice is neglected in present day sciefn- 
tific and engineering education. Engineering 
, ' technologists are being prepared in engineering 
design, but higher levels of Achievement are. 
required to handle the more sophisticated as- 
pects of advanced R&D. . , 

2. Achieve the prompt transfer of new knowledge , 

amongst its users for problem solving in ^he 
development of new. or better products and for 
enhancing services that meet societal needs. 
Some of this knowledge may be fundamental, 
although highly advancetd and. available only 
through interactive CE/S&E sessions. A meas- 
- ure of updating or refreshing of participants jn 
prerequisite knowledge, , as 'an integral part^of 
interactive continuing education, may oe 
necessary on occasion to increase the overall ^ 
\ effectiveness of tHfe leiaming process, but the' 
focus of interactive CE/^&E must rentain thk 
of practical prcjtlem solving. 

3 . Facilitate technology assessments on realistic and 

prompt bases. Components 6T such assess- 
ments are short and long range technical goals, 
accurate appraisal of the current state of the art, 
and planned research and d^lopment neces- 
sary to close the gap betweenme current art and 
• advanced R&D goals. 

4. Stimulate new technology utilization for i societal 

benefits. Such stimulation requires the deter- 
mination of societal needs and a realistic as- ^ 
signment of priorities for meeting them. How- 
> . * ever constructive the societal*benefits may ap- 

pear to be, care should be taken to assess the 
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societal and environmental impacts of new 
technology especially with reference to national 
priorities, timing, costs', cost-effectiveness, 
hazards, socio-economic dislocations and prac- 
tical alternatives. 

5. Encourage further allocation of financial, mate- 

rials and manpower resources to R&D foF the 
- further advance of applied science and technol; 

6. Interest participants to study the pertinent litera- 

ture in their fields as well as become active in 
professiona^JSOcieties devoted to advancements 
of human welfare, science and technology. 

7. - Afford means for injecting new knowledge from 
' industry >and professional practice) into 

^ acfli/e/TJia; the primary means being to involve , 

individuals from academia as resourc^^persons 
^ or participants in interactive "programs. 

8. Transfer new knowledge emanating from ' 

academia to industry and the fields of profes- 
sional practice. Currently, the probable U.S. 
^ percentage ratio of pertinent publications and 
**results"^of R&D emanating from academia 
vs. industry is 14/68; with 3.5% of publications 
and * * result^' ' of R&D coming from othernot- ' 
for-profit institutions and 15% coming from 
government laboratories. These figures are 
based on projected performance ofresearch and ^ 
development Vork, which should corretete 
stitngly with new knowledge generation, 

9. Focus on supplementing on-the-job learning with 

new knowledge that is difficult for individuals 
to acquire ori their jobs 'or through individual *^ 
' study. Inputs from partfcipants are required dur- 
^ ing CE/S&E td develop this focus.' 

10. Provide prompt feedback from participants as to 

the applicability of new knowledge acquired 
during the X:E/S&E sessions to their jobs in 
terms of practicality, accuracy, timeliness and 
usefulness in solving difficult technical prob- 
lems. 

11. Deal with current scientific and technical prob- 

lems confrontingj)articipants on th^irjobs with ^/ 
a vie'w to providihg them with knowledge relat- 
ing to physical principles and phenomena, 
materials, production methodologies, environ- 
mental impact, functional^ performance evalu- 
ation, and the like, 'that may help them under- 
stand and solve their own technical problems 
over the long haul. ^ ^ 

12. Integrate concepts, factors pid varied practical 
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^ information from other disciplines that may 
serve to enhance the resolution by participants 
of their on-the-job problems as well as focus 
attention on the applicability of their products 
and services to oth^r functions or fields. 

13. Explore the compatibility of each pariieipanf s 

products or services with applicable human 
factors, maintainability methods, costs as y^eU 
as with "Competitive systems, products or^ 
services. 

14. Help participants evaluate the socio-economic 
. and envirprimental impacts of new technology, 

products and services discussed during the 
learning sessions. ' I 

15. Encourage industrial and business organizations ' 

to underwrite the cqsts of empioyeje participa- 



tion, especially by having employees woi^ on 
company problems. 

16. Provide measures for^the evaluation of the pro^ 

gram's effectiveness as a means for knowledge 
transfer, technology assessment and the stimu- 
lation of applied science utilization in problem 
solving that leads to societal benefits. 

17. Provide reports or research-type data on the es- 

sential features of a particular interactive 
CE/SiScE program, in sufficient detail to make** 
their transferability to other typical areas and 
. learning settings relatively simple and highly 
cost-effective. , 
.18. Present specific quantitative ' and qualitative 
measures for the evaluation of interactive ' 
^ CEIS&E cost-effectiveness. 



A5^*^*?'^^J>f Effective CE/S&E for Persons in Every Category of the Tarcet Audi- 
ence wiih Particular Emphasis on Comnany Size, Individual Ages and lidSal C?^^^^^ 

tibn or Dispersal % 




As scientists, engineers and .technicians advance 
Uvough their careers, they should acquire expanded 
backgrounds in tenns of new knowledge and techniques 
as^^nsequence of their professional experiences. They 
musn^ve a better understanding of how such functions 
as stt^rt services, manufacturing, marketing, finance 
as well as plant ^d community relations. relate to their 
own e^rts. Additionally , they should develop a broader 
view of^heir own field and how it relates to the work of 
people in other disciplines as it affects their own efforts. 

In theicijurse of this -expanded background building, 
scientists, engineers and technicians should acquire im- 
pressive bodies of knowledge that they should share with 
their colleagues on the job and bring to CE/S&E sessions 
as means for exchanging new knowledge with other par- 
^ticip^ts and ^benefiting from their experiences. At its 
highest levels, where it meets the.educational needs of 
particularly innovative contributors to the technelogical 
advance, the characteristics of CE/S&E are:*^ 

1. It is highly applied and job related; particularly 

focused oq practical deviations from theory , in- 
teracting disciplines, and pertinent peripheral 
considerations. * 

2. Supplements learning on the Job, especially 

where the subject matter isdlfficult, time con* 
suming and seldom obtaiftSble alone or on the 
job. ' * 

3. Essentially at graduate level or beyond, but rarely 

available in formal academic programs. 

4. Generally non-academic credit; most participants 

already have their terminal degrees. 

5. Caters to groups of professionals with mixed 

backgrounds and capabifities, but with com- 
mon interests just as found on the job in busi- 
ness, industry an^ cdmnierce. 



6. Usually. spe,culative and typically related to local 

business, commercial or industrial needs. In 
many instances the subject matter has not yet 
• been substantiated by research or experimenta- 
tion. 

7. Sparsely documented; seldom is adequate infor- 
mation found even ia the professional litera-* 
tare. * ^ ' 



8. 
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Interdisciplinary; involves several areas of 
knowledge. 

9. Rexible format and requirements; the subject 
Wpatter, level and setting may be varied to suit 
ihe abilities and immediate needs of the stti- 
dents without losing sight of longer range ob- 
jectives. 

10. Usually consists of rounci-table discussions or 
workshops rather than a lectiire-recitatioil set- 
ting. ^ 

Instructors dfawn. mainly from the fields of pro- . 

fessional practice rather than aca^^f^. 
Instructors' are g^n^rally catalys^Creferees and 
resource persons, radier than^chers. 

13. Most of the new knowledge ft|volved is drawn 
from or contributed by the ^rticipants them- 
selves. 

«■ 

14. Frequently requires suR)lemental enrichment in 
special theory or techniques. InstructcM^ often 
provide such supplemental information as 
needed. 

Apart from new knowledge acquisition and ex- 
change, the prime objectives of continuing 
education are to help practitioners learn how 
inquiry can 'be made, to understand their indi- 
vidual present conditions and roles in society,, 
remain updated as well as stretched in 
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competence and relate effectively to others in 
V the performance of their worl^. 
■ For recent graduates entering professional practice » 
the focus of CE/S&E should be on the theory and prac- 
tice pertinent to their work, but aimed at closing the gap. 
between th'^ir academic preplarations and the specific 
/knowledge requirements of their jobs. 

In mosf instances, the subject matter \4ill serve to aug- 
ment the theory with which they come equipped and 
translate it into competences for creative contribution on 



the job. The actual contei>/vvill be at graduate level, but 
well established as applicable to current practice. In es- 
sence, it will be stated of the art material. Such educa- 
tional, programs can taught by senior technical per- 
sonnel or nearby college faculty for inplant courses, usu- 
ally available in large companies who employ enough 
professional people to warrant giving inplant courses, or 
by faculty from local educational institutioris where the 
companies are small and canpot afford, to run programs 
jnhouse. ^ ' 



Relative Merits of Academic vs. Industrial Involvement in Continuing Education for 

Advanced Professions 



' subject matter becomes increasingl^^difficult, the 
number of people capable of benefiting from a given 
CE/S&E course, workshop or^eminar series is sharply 
reduced. Few industnal. organizations have a sufficient 
number of professionals within a given geographic loca- 
tion to populate such programs on an inplant basis. In 
most instances, industrial organizations find it un- 
economical to conduct inplant courses for less than 15 
persons. Moreover, if a subject is speculative and pro- 
prietary, industries are reluctant to open inplant courses 
to qualified persons from other nearby industries howev- 
er friendly. 

For such reasons, most inplant coifrses are conducted 
in less taxing technical-areas, particularly where there are 
^enough employees locally to qualify for and benefit from 
'the offering. Inplant programs'tend to bo quite general, 
rputine, and at undergraduate levels. Only the largest 
industrial organizations, with significant numbers of ad- 
vanced professionals within a given locale can provide 
such personnel with CE/S&E at appropriate levels on a 
continuing basis. 

Academic institutions; on the other " hand < provide a 
neutral ground for educational programs attended bV per- 
sonnel from several industrial organizations, some of , 
which may be competitors. They have the freed9m to 
seek the most qualified instructors in the area without , 
concern for having. an instructor from a particular com- 
pany lecturing to participants from competitive organiza- ^ 
tions. Of course, it is a joint responsibility of the. 
academic institution, instructors", and participants to 
safeguard proprietary and classified information. In fact, 
although some academic institutions have giVen hun- 
dreds of high technology CE/S&^ courses each year for 
many.years, and involved hundreds of instructors as well 
as thousands of students from industry, not a single com- 
plaint has been lodged against these institutions for com- 
promising proprietary or classified information in their 
CE/S&E prograrafe. 

Industrial ordtnizations are generally limited to par- 
ticipants from their own work forces and instructors from 
amongst their own professional personnel. On occasion, 
instructors are drawn from local educational institutions. 



but such resource people are typically unfamiliar with the 
practical aspects of advanced work in progress and are 
thereby confined to subject matter of general or basic 
content. Sotietiines, industrial organizations bring in 
experts froii consulting practice or academia to give 
seminars on specialized topics, but these special events 
are expensive and usually attended by large numbers of 
employees, most of whom lack sufficient depth in the 
subject to benefit materially. - • 

Of course, .industrial organizations have the flexibility 
to schedule inhouse educational programs to suit their ^ 
own personnel and policies. Consequently, most inplant 
courses bearing directly on work in progress are given 
during regular working hours. They dismiss the costs of 
employees being away from their jobs during classes and 
generally arran^p either to pay. their inhouse instructors a 
nominal stipend or nothing. Parking and travel problems 
do not arise unless a' large number' of participatits com- 
mute from other locations. , 

Inplant cpurses given by a nearby university, howev- , 
er , are usually pit of the university's extension program 
and frequently carry academic credits. Participation in . 
such courses is limited to students:^qualified by prerequis- 
ites., Here the objective is to accumulate academic cre- 
dentials rather than new knowledge that is highly job 
related. Such<:redit courses, therefore, do not constitute- 
a form of CE/S^cE although in many placesMt is passed 
off as such. 

Use of television and other media for large-scale edu- 
cationalf services to industrial personnel either at home, 
before and after hours, or inplant! raises the question 
whether such programs constitute extension education 
for academic credentials or are a form of CE/S&E. It can 
be either, but it is necessary to assess the benefits to the 
participants before a decision is made based on, criteria 
selected. The principal advantages of ^ch programs is 
that diverse audiences can be served over a large geo- 
guaphic area, traveNtime is conserved, instructors from ^ 
various sources can be used, and the timing is flexible * 
enough to suit the needs of most participants. The princi- 
pal disadvantage of these media programs is that the 
intimate relationships between resource people and other 
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participants, so essential to educational interaction, sim- 
ply do not exist. 

The development oi learning module* in specific 
technologies and their availability on . a national scale 
through geographically.dispereed reference centers will 
introduce an important new dimension in self-paced con- 
tinuing education. Using a computerized index, the pro- 
fessional can order any available module on a\ particular 
topic. Thrqugh a system of programmed instruction, the 
leaiTier can acquire new information and techniques use- 
ful in solving on the job problems at a variety of levels, 
but primarily w'hene the data and methods pertaining to 
^ the subject are well established. The availability of re- 
source people to back up the learning modules, on a 24 
hour jum-around time basis, should serve to amplify the 
utilities of the scheme and extend this form of CE/S&E 
to professionals located in many -areas, but especially to 



professional isolated from other industries and academic 
institutions.^ 

From the advanced professional's standpoint, howev- 
er, it seems clear that university* conducted programs 
• afford greater opportunities for beneficial CE/S&E. be- 
cause universities can attract qualified participants from 
several local organizalions and enlist the support of re- 
source people from competitive industries without the 
usual coTistr>aints and inhibitions present in company- 
conducted programs. Even consortia of several local in- 
dustries to conduct jointly sponsored programs suffer 
serious constraints .in terms of subject content, level and 
timing. The cooperation of local universities in the plan- 
ning or implementation of consortia programs would 
njitigate some of these constraints, but it seems virtually 
impossible for such consortia of industries to interest 
t^ciT local academic institutions. 




X, Diverse Channels and Mrt for Technology Transfei: and Technology Utilization 

. On the Job Where the Scientist or Engineer is a Teacfier/L^arner 

Technology transfer is the process whereby' a de- 
velopment in one field is applied to provide a similar or 
.different function in another field. For example, radar 
used as a navigational aid at sea was applied to deep 
space exploration in astronomy. While the operating 
principles of radar and radio telescopes are similar, espe- 
cially in the receiving modes, the hardware and in-. ^ 
strun^ntation are physically quite different. In fact, in 
pondering the similarities, one develops new insights to 
the actual changes, costs and^daptations involved. Fre- 
qu^tly, only a fragment of the original content, perhaps 
merely the ff^ic principles remain intact. Most of the 
original hardware and much of the original software 
cannot be used because of differences in scale, composi- 
tion, operating requirements and purpose. 
* Consider the diverse applications of lasers that require 
radical changes in equipment design, light 'pumping 
methodologies, materials, composition power supply, 
optics, and interface apparatus Lasefs used for survey- 
ing are radically different in Virtually every physicaj and 
operating aspect from lasers used for industrial welding, 
or in communications, medicine, navigation and photog- 
raphy. Each differing application requires substantial 
adaptation and special design to meet particular needs 
^rid environments. Similarly, gas turbines, originally de- 
veloped for Jet aircraft, have undergone considerable / 
change for applications in such diverse a^eas as marine 
propulsion, central station power^generatiori^ocomotive 
propulsion, automotive applications and helicopter pow- \ 
ering. Even differences in scale for similar applications, 
as, for instance in small, medium and jumbo aircraft 
propulsion, involve considerable variation in hardware, 
materials, maintenance, operating procedures, -^and pilot 
training. Computers, printing-presses, food" processors. 



construction equipment, sewing machinerys communica- 



tion systems, and the like, each invo\e a virtual universe 
of highly differentiated hardware and methodologies, 
\^[hich, while based on identical basic technology in each 
case, account for diversities that make correlation with 
each other difficult indeed. 

To effect such technology transfer and the utilization 
of new technology related to such transfers, scientSte> 
engineers and their technicians need to exchange icje^is 
and transmit techniques 'that would otherwise be kept' 
from benefiting society. Some of this transfer occurs- 
through business channels where formal arrangements 
are made to pay for services rendered. In other instances, 
scientists and engineers discover new techniques and 
product lines in the process of trying to duplicate existing 
developments. One of the most effective means for 
technology transfer and new technology utilization aQj 
CE/S&E programs* in which new knowledge is ex- 
changed amongst peers to the mutual advantages of those 
concemed as^well as of society. 

Yet,, the greatest^ impediment to technology transfer^ 
and new technology utilization is the isolation of profes- 
sional personnel from each pther in many companies and 
their reserve in relathig to^^ther professionals from com- 
petitive organizations. Most professionals are generally 
pressed for tihrie, faced with difficult tare^ and bur- 
dened with adHiinistrative tasks even tho^h they may 
not be part of management. Jn essence, professionals ate 
required to manage their own work and supervise the 
efforts of support personnel". Preoccupation with such 
chores seldom permits an objective approach to problem 
solving. The scientist, engineer' or technician must cope 
with the problem at hand in the best way possible, 
expeditiously, industry .seldom permits relaxed 
consideration of difficulties; every effort is a confronta- 
tion. * - 
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However, when professioriials are required to apply 
new knrfwlcdge obtained during CE/S&E sessions and 
report back to a class or instructor as to how that new 
knowledge was applied in problem solving fd^iposjj^ 
of critique, new insights are developed and le^SMttgon 
the job can be stimulated. 

The professional may discover that in the process of 
applying newjy acquired knowledge, a better understand- 
ing'ofthe problem is obtained anfl that recommendations 
from an instructor or class are not applicable to the 
problem as now clarified. In fact, feedback to a class 
may intpduce unique features that no one in the class 
had hitherto encountered on their jobs. Through the 
critique that follows such feedback, new suggestions 
Ta2^0>e presented. These ideas might now be applicable 
towards the solution of the clai^fied problem, but'addi- . 
tional facts will surface that require further treatment. 

Once progress is being made on a difficult problem,' 
the interests of colleagues are stimulated. They in turn 
offer suggestions ,and are eager to determine whethe; 
their ideas are useful. In this process of cross-fertilization, 
on the job, new knowledge is transferred and, in con- 
sequence thereof, new technology becomes utilized.^ 
Each professional then becomes a teacher/learner, and in* 
the related technology transfer process contributes to the ^^ 
professional development of colleagues and support per- 
sonnel. . ^ ' ^ 

Frequent meetings of such stimulated people, to con^ 
sider each others' on-the-job problems, can be a most 
effective means not only for technology transfer and 
utilization, but also professional development and par- 
ticipation in CE/S&E for personnel at all levels in diverse 
functions. In such meetings, or follow-on CE/S&E 
courses, die participants (audiences) might be the entire 
project team assembled to solve the same problem, but 
from different perspective. The participants could be a 
group of scientists or engineers who plan to focus on a 
common problem or a set of differing problems. The 
gxoup could also consist of personnel from diverse func- 
tions sucTi as R&D, marketing, nijmufactufing, finance, 
and support services gathered to consider problems relat- 
ing to different aspects of contractual effort or of product ^ 
^ diversification. Participants could also represent unre- 
lated activities or companies, but with common, concerns 
who wish to focus on a set of similar problems of topical 
interest. With proper design of the sessions ^nd sound 
^ implementation, substantial technology^ transfer might 
occur leading to new technology utilization. To effect 
such transfer and utilization, however, every participant 
must share new knowl^ge. with tne group as a teacher 
and be»sthnulated to absorb new knowledge from otfiers 
as a leamei;^ ' 



XL Sources of Appropriate Teacher Talent 

. for CE/S&E 

t % 

instructors and resource persons for CE/S&E consti- 



^ute a unique audience for continued eduoation because ' 
they must keep well abreSst 6f the fields in whilh they 
teach at levels and depths sufficient to satisfy the_ new 
knowledge needs of other professionals in those fields. 
Obviously, the fifst criterion for the selection of instruc- 
tors and other resource people is expertise ip' thpir fields, 
but other factors are as import^t and must be met if their 
programs are to be effective. ' ] • - 

Thus, principal criteria for the selection of teachers for 
CE/S&E are: * . 

j. Expertise in fields. 

2. Contributions to advances in the field'. . . 

3. Ability to teach professionals aC appropriate levels. 

4. Willingness to prepare subject matter, outlines and 

' promotional descriptions of their programs. 

5. -Availability to meet classes as scheduled. 

^. '"Cooperation with other instructors aind resource^ 
persons. . 

7. Acceptaifce of constructive criticism for the further 
improvepent of their programs and ^rformance 
as teachers. 

Table IV gives the percentage sources and degree 
distributions of insUaictors participating in the CE/S&E 

' 'program conducted by Northeastern University over the 
period 1968-1974.* The ratio of 19% instructors dray^n 
from acidemia to 81% fro^ industrial practice correlates 
well with sources of R&D performed nationwide. Essen- 
tially the same ratio grevkiled during the years 19^5- 
1977. During 1966-68, Northeastdm alsjo conducted 

^"Praject GAP, which was supported in part by Federal 
funds as a Special Merit Grant und^vthe authority of the 
State Technical Services Act of 1965 admimslfia»d4}y the 
U.S. Department of Commerce. This prdgram was of- 
fered to then recent science and engineering graduates at 
the bachelors level working in local industry. The pur- 
pose of the project was to^close the gap between their 
basip ai)fl. increasingly liberal college preparations and 

' practical knowtedge requiremeiits for creative per- 
formance on a job in any one of six key technical areas of ^ 
special*fcterest to local industry. Tijicse industries paid 
tuitioii^of $600 ^r year per participant in fulfillment of 
the cost^sharing requirement of the grant." Twenty-two 
instructors were enlisted for the project on the basis of 
meeting the criteria listed above. The numbers of instruc- 
tors from^pecific industrial organizations were as- fol- 
lows: 

1 — Itek Coiporation — Optics 
2_A...D. Little, Inc.— Consulting 
1— Baird-Atomic, Inc.— Electronics 
"l_technical Operations Research— Electro-optics 
5— Raji^on Company— Computer Technology ^ 
* , 6 — NAS^*— Space Electronics Research ' 
1 — AVCO-Everett — Biomedical Research - 
1— Massachusetts General Hospital— Biomedical Re- 
search 
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1— Gejj^ral Electric Company— Materials Develop- 
ment 'T W 

2— National Research Corproation— Materials Re- ' 
search ^ ^ 

1-r-Massachusetts Computer Associates — Computer 
Technology ' 

\ — GPS Instrument Company — Computer Teghnol- 
ogy , 

•It is interesting to note here that none of the instructors 
• were members of a college faculty. The important con- 
clusion to be drawn is that the 'majority of teachers for 
CE/S&E'mus,t be drawn from industry and professional 
practice ^because that is where most of the new knovyl- 
idge required by scientists, engineers and technicfans to/ 
continue their innovative, work Ts being generated. 

Percentage distribution by 'activity, affiiiation and 
field of resource persons (instructors) drawn locally 
„ (96%) and nationally (4%) to instruct in the CE/S&E 
progranv at Northeastern Dniversiiy over a six year 
period. -During that time, the program's subjecft conleni 
had shifted with changes in the interests of particltants in 
response to changes in knowledge needs requWd to 
propose on new R&D procurements and to execut^.4t^" 
related work upon a\vard of contracts. Oti ^n a^nnual 
basis, the program offered about 125 different courses 
and involved about 1(X) different instructor. About 50% 
of the dourse^ and instructors were entirely new e^cb 
successive bi-annual term: ' ^ 
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XIL Incentives for Liferlong Commitments to CE/S&E for Target AudierfCes 



Professional growth*and development, consistent with 
the functional responsibilities of the scientist, engineer or 
techrfician on the job, as well as fhe individual's personal 
goals and career plan, are largefly a matter of motivation 
to kee"p striving as far -^s the' individuaPs energy and' 
intellectual plane m\\ carry. The motivated professional 
recognizes that CE/S&E is an essential ingredient for 
maintaining currency, creativity and productivity in a 
fa§t-moving field, but a variety of incentives are r^uired 
frotp management, aad perhapsM'rom govemm^t, to 
make the effort seem worthwhile. When the. climate is 
right, the professional beconjes "self-actualized^^^to 
jroet requirements. 

Self-actualization^^*'lflanifest^ by initiative, re- 
sourcefulness,' intellectual independence and high per- 
f&rnrance oft the job — must be the oveiriding purpose of 
jnotivatiog^^e questions to which we sholild direct our 
attention is**Why, J^ow and when should employers, 
managers, scientists, engineers, technicians, and their 
colleagues stimulate each other to become seTT actuating 
and remain motivated? Self-a*ctua<ed phenomena, stimu- 
lated or depressed by the^ working environiVpifit and 
achievements, reflect prevailing personnel policfesand 
styles ^of manag^ent. .Attention must be focUsed on.^ 
management practices thai seriously, demotivate profes- 



sionals because their counterproductive effects can be 
catastrophic from career development and employers* 

^ business growth or kurvival^viewpoints. 

Motivation takes much effort and time to build— just 
like a house, which can be* destroyed in minutes when 
put to the torch. It is important for managers of profes- 
sional to realize that motivation comes slowly, but de- 
motivation can occur in seconds. Moreover, as in build- 

( ing a house, the 4oca|ion, foundation and environment 
must be sound or little of value to the professionals or 
societ^^ill be achieved. It is virtually impossible to 

, motivate professionals to the point of self-actualizatioff 
while working for a company whosie products or services 
are deliberately poor or have few social^values^ whose 
. management is . corrupt or preoccupied with political 
shenanigahs, or whose ^rsonnel practices are* abomina- 
ble. 

Physical scientists, engineers, and technicians wind 
the clockworks of industry/ Without their innovative 
contributions operations eventually rftDp^nfortunately, 
^ the timeibetween tl^eir research or developments and 
sales, of related products can be so long that many people 
fail to appreciate the high correlation between R&D 
efforts and* a company*^ marketable products and 
secyices. For thtjs reason alone, professionals need to be 
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motivated, despite lack'^of appropriate recognition, so 
they will contribute to productif and services that busi* 
ness sells and sdEiety ne_eds. 

How would you recognize a motivated scientist, en- . 
ginecr or technician? A number of direct ..and indirect 
indicators are , available, but in interpreting ihenv it is 
important to be mindful of the particular individual's 
function and background. Here are some key earmarks* of 
motivated professionals:" 

1 . Full of ideas relating not only to work in progress, 

but also bearing on many kinds of worE and 
activities within the company, in vendors*' or- 
ganizations and at customers' facilities. Takes 
initiative in transferring these ideas into appro; 
priate chaofiels. 

2. High performance on the job in temis 6f re- 

sourcefulness, creativity as well as the dis- 
charge of responsibilities, promptly and within 
budget. ' 

?TOpen in relations with colleagues, support per- 
sonnel and management. Works hard at main- 
taining good working relations on the job. 

4. Rises above political mtrigue even to the point df 

appearing to be unaware of its existence. Will 
deliberately avoid involvement in petty^olitics 
and intergroup squabbles. \ 

5. Consulted frequently by colleagues for hefp and 
. critique of their work. Offers help without ex- 
pectations of return favors. 

6. Maintains an up-to-date and detailed patent 

notebook and shows others by example how to 
use it. -fc. , 

Cooperates with legal and /inancial operations m 
protecting the cjDmpany's intellectual property 
and maintaining appropriate financial records 
relating to work. 
Refuses to fudge time change records, data and 

reports. , . 

Has the same story for the customer and manage- 
• ment, buyer and seller, supervisor and sybordi- 
nate. 

Games a job through to completion and is particu- 
larly perseverant when the going gets rough. 

1 1. * Participates willingly in proposal activity even 
' * when deadlines are irrational. V* 

12. Seems to have irregular work habits because of 
need to attend to many functional activities and" 
interests; yet, puts in more than a day's work 
without expectations of rewards. 

13. Performs difficult assignments as if by magic and 
t within time limits that seem inaufficient if not 

impossible. 

14. VSp<aks mind— lets chips fall as they, may, but is 
not necessarily insej&itive,to peoples' feelings. 
While circumspect will tefl management **like 
jit is" when asked. - . 

15. Avoids* cliques because they do not seem 
necessary and are usually self serving. 



7. 



8. 



10. 



< 16. UndertakfiS^xtre^ely difficult work, even when 
little is known in the subject area, and encour- 
ages the/project team when bogged down by 
few ideas during a new R&D contract or pro- 
posal fog period. ^ ^ • 

17. Will consider all sides of an issue and come up 
• ' with an independent judgment based on a 

methodical analysis of alKknown related factors 
and their relative merits. * ^ 

18. Is ^iifficult to dissuade from a position or deci- 
' sion , but will readily admit having been in error 

^ once such error is demonstrated. ^ 

19. Generously responsive to requests for help by 

others unable to cope with difficult work or 
adverse circumstances. . , 

20. Pitches in to rectify someone else's botched up 

work and usually helps to bring that work to 
successful completion. 

21. Keeps abreast of developments in own field and 

in contiguous -ireas of technology as^well as 
other disciplines affecting work in progress. 

What then, are the principal incentives that motivate 
scientists, engineers, and technicians to high per- ^ 
formance, which will, hereafter, involve* a life-long 
coriimitment to CE/S&E at the appropriate level and 
consistent with the individuals career goals? Here is a list 
of important incentives that management, with the sup- 
port of government, can help provide: 

1 . Prompt support of exploratory work oainnovative 

ideas. Creativity is fragile — ideas die fast if 
they are not nurtured promptly. 

2. Customer contacts. Customers have a way of 

identifying key contributors, so management is- 
wise where contacts are encouraged. \, 

3. Financial support of continuing creation, fully. 

CE/S&E represents an appreciable investment 
of personal time by the participant. 

4. On the job training where it helps-^ridge the gap 

between present'competence and job require- 
ments! ' t 

5. Encouragement of professional society activitifs. 

Time off to participate, rather thaa payment of 
dues, is all important. ^ 

6. Challenging work assignments. Professionals will 

grow only, if forced to stretch their competences 
* to new heights. " 4 

7. S,upportive colleagues. Friendly competitioji pn- 
. / hances growth, but backbiting is destrudive. 

£. Adequate clerical^ help. Managers do not save 
money by forcing professionals tcv scrounge 
around for clerical support. ' 

9. Opportunities to publish and present papers. This 

outlet IS particularly import^t to the individual 
*and company. It should be encouraged and 
supported. ' . 

10. Open and congenial atmosphere. 

11. Accurate and timely-performance appraisals (aN 
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12. 



14. 
15. 
16. 



lowing professionals to contribute 'activity in- 
puts adds to the completeness of appraisals). 
PropcrcOmpensation.^is factor may be the pro- 
fessK)nal-'s f Itimate measure of value to com- 
pany if management makes a large issue of 
compensation » 
Prompt attention to grievances. 
Variety of work. Professionals at all levels desire 
to do several kinds of work at the same time. 
Awareness of 'decisions affecting work when 

those decisions are/nade. 
Participation in decisions affecting self. Profes-^ 
sionals must have opportunities to cbrrelate . 
their own career goals and plans with company 
decisions relating to them Slone. 
17^ SuppQrtive managers. 
18?^X3<x)d library facilities. 

19. Helpful administrative and security personnel. 

20. Prompt reimbursement of expenses. 

21. Appropriate fringe benefits. 

Guidelines for Constructive Motivation 

* With the foregoing in mind, it should be evident that 
employers, managers and other employees must cooper- 
ate^n implementing those policies and practices that 
motivate each other, and particularly the scientists, en- 
gineersand technicians who, as a group, seem to need it 
most, they need i1 most because as a group, they are at 
the cutting edge of the company's advance. If they fail to 
achieve the company's technical objectives, the com- ' 
pany faifs. It*is difficult to establish a priority order 
amongst the numerous factors and effects that favor 
motivation, but it probably doesn't matter since the prior- 
ity order woujd doubtlessly vary with the individuals, 
jobs and their opportunities. Here is a list of guidelines, 
arranged in a rational order, tha^^sjjpuld contifibute to the 
niiQtivj<5on of professionals in every CE/S&E target au- 
dience." 



< 



1. Encourage appropriate contacts between jgrofes- 

sionals and customers, but provide training in 
customer relations and contractual commit- 
tments to help the professionals avoid getting 
the company into difficulties. ' 

2. Build constructive stress into each job such as:* 

pressure tq get the work done right, on time and 
within budget. Difficult assignments in ad- 
vanced R&D that are speculative or controver- 
sial stimulated intellectuaT strain" conducive to 
^ professional growth. ' ' * ' 

3. Provide a measure of crossfunctional experience- 

and interdisciplinary work that forces learning 
on every job. 

4. -Maintain an appropriate mismatch between job 

requirements and the immediate capacities of . 
individuals to do their jobs, to force stretch 
through^eaming on-the-job and supplejnentary 



continuing education. 
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5. Allow professioiial jobs to grow in authority, re- 
sponsibilities and accountability as th^ir in- 
cumbents grow-intellectually with their jobs. 

6. Encourage learning on the job through open in- 
teractions between colleagues, piDfessionals in 
other disciplines/ consultants, managers and 
support personnel. 

7. Scrupulously observe promises to employees and 
customers whatever the cost, or however cir- 
cumstanceThave changed. 

Assure that salary reviews remain coupled tq^per- 
formance appraisals despite the feeling in some 
^Mnformed'quarters'' that they should be sepa- 
rated. If managers want'to motivate profession- 
als they have to tell them why a salary incre- 
ment was 01* was not approved. 
Base promotions on performance rather than poli- 
. tics, academic credentials and promise. Assure 
that the criteria for promotion are understood 
and publicize each promotion in tofms of the 
measures of performance that led to it: 
Select personnel for difficult assignments on the 
basis of proven records of achievement and 
potential to grqw into the new job rather thah 
**will-of-the-wisp'' political considerations that 
eliniinate hard-working employees and force 
^.other people to carry the load. 
Be diligent in discovering, who is carrying ^e 
load on ^ach job and provide'appropriate incen- 
tives for the continuation of such effort. ' 
If professionals are not performing \veli,^ find out 
why and take prompt corrective actipn to stimu- 
late them to constructive' effort bj^mpathetic 
discussion of the problems. 
Never place proven contributors in positions sub- 
ordinate to individuals with impressive 
academic credentials who have no track record 
or fail to live up to expectations, 
lake immediate constructive action to correct 
management mistakes. , * 

15. Never terminate highly respected perso nnel with- 

out good reason, especially at vesting time or 
when they professionally threaten inept mana- 
gers. . ^ ^ « 

16. Never fudge records, reports or time cards. All 

forms of falsification and the deliberate denial 
pf terms to previous agreemehts, whether tacit 
or written, make management suspect on all 
issues. 

17. Administer salary plans and schedules fairly. 

18. Reject prejudicial' treatment of individuals con- 
sidering a change of employment. 

ffever give adverse^references on past em^oyees 
without their written ^rmission to give a refer- 
ence to a prospective employer. Apart from the ' 
-rllegalities, such chickens come home to roost. 
Reject age, creed, religion and race biases in all 
business operations. ^ 
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21 . Re-employ previous employees if they qualify for 

an open job in competition with other candi- 
. dates. 

22. Do not take advantage of a tight employment 



market Jo force unpopular concessions from 
highly motivated scientists, engineers or tech- 
nicians. • 



XIIL Demotivatprs of Involvement in CE/S&E 



Scientists, engineers and technicians, in all target au-' 
diences work* hard oh their jobs and often contribute 
(Jxtra time' to their work under the general heading of 
**casual overtime.'' Participation in CE/S&E adds addi- 
tional time to the job, even if the fonml sessions occur 
during working hours, considering tinflpequired for as- 
signments, reading and other forms of preparatipn. Tak- 
ing into account the typical family and community com- 
mitments of the professional, participation in CE/S &E _ 
repr^esents a considerable investment in time and efforT 
on tfie part of each individual and calls for a total pack- 
age of incentives that have already been discussed. 

Even if the incentives to participate in CE/S&E are 
both attractive and effective, a great deal of tSfce -and 
effort arc required on the part of most individuals, to 
arrive at a decision topommit themselves.* Yet, they can 
be discouraged from following through in a matter of 
seconds if the climate on the Job is not conducive to 
professioaftl development or the circumstances as- 
sociated with implementation of a CE/S&E^pi^ggam are 
faulty. 

Here are a series of demotivating factors oi? the job 
that impair a professionaT^'s contribution and seriously 
affect an individual's desire to participate in such ac- 
tivities as CE/S&E. 

1 . Red tape and undue paperwork to get work done 

by support services components (this is the 
most /rustrating aspec) of professional activ- 
ity). . 

2. Financial services tail that waves the scientific or 

engineeijng clog. ^ 

3. Inaccurate, deliberately falsified or incomplete fi- 

nancial reports that forces professionals to keep 
. their own financial records. 

4. Lack of beneficial services because they are dif- 
^ ficult to administer. (What are administrators 

, needed for if not to adsninister difficulties?) 

5. Extensive and time consuming approval chain to 

get things done. 
y 6. Political infighting and intrigue (an energy sap- 
ping and time wasting sport). 

7. - Pefensive letter writing with corjiplaints usually 

originating in comEohentsTlfiat fail to do their 
job progerly-fh^lfthe time (consumed in such 
correspondence exchange can often rectify 
complaifits). 

8. Aloof managers (jyhy not, when they don't know 

what's going on>. 
• 9.. Arbitrary decisions (usually wrong ^because the 



right decisions are difficult to make or formu- ^ 
♦ late) ' ^ ^ 

10. InflexiTO operating practices that inhibit creativ- 
ity. 

1 1., Labor strife. ' , • 

12. Pointless employee meetings and attitude surveys 

(nothing constructive seems tp* come from ' 

them). 

• 13. Excessive administration and a flood of adminis- 
trative memos. 

14. Restrictions X)n the use of telephones. 

15. Management by objectives that are obsolete at the ^ 

outset or have little to do with the business. 

16. Requests fof reports that nobody reads. 
^ 17. **Fire drills" that achieve nothing. 

18. Inordinate expectations pf casual overtirne. 

19. Frequenrtumover of personnel in alt functions. 

20. Unwarranted disrnissals of respected personnel. 

21 . Poor physical facilities, lack of privacy, monitor^ 

ing of telephone conversations, and parking 
harrassments. 

22. Favoritism based on nepotism, politics or mis- 

guided notions' of identifying leadership poten- 
tial in inexperienced young people.y 

Even if these dem(^vators do not exist, it is difficult 
to keep professionals committed to C^S&E if the fol- 
lowing circumstances prevail inihe CE/S&E progi^: 

1. pW instructor or resource personnel. ^ 

2. Marginal physical conditions in the educational ^ 

facility. 

3. Parking hassles for commuting participants. 

4. Rigid pirerequisite requirements that do not^take 

into account pertinent knowledge acquired on 
the job. - 

5. Inordinate time requirements for preparation and 
. , assignments. ^ 

6. Inadequate text materials or notes i^^plied b.y the 

instructor. ^ r 

7. Irrelevance' of subject matter from the partic|p 
^ pant's standpoint. * ^ ^ 

8. Difficulties in registering for a course,* workshop 

or Seminar. * 
9.. Inoi^ate amount of paperwork required to regis- 
ter for a CE/S&E program. 

10. Lack of tolerance fof absences from sessions due 

to illness, business travel or high priority com- 
mitments. 

11. inability wto acquire information on ground cov- 
, ered during an absence. 
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12. Inordinately large classes that reduce oppor- 
^tunities of participants to4nteract appropriately 
with; instructors or other participants. 
13^. Examinations or quizzes in non-credit programs. 
14^ Transmission of data on classroom or course per- 

' formance (grades) to employers. , 
15. Lack of financial support for CE/S&E participa- 
tion by employer. 

'One of the "most serious impediments to* participation 



in CE/S&E by professionals is the insistence by some 
managers or, training administrators that the professionals 
aire not siniply occupying a seat ih a CE/S^E program, 
but are actually benefiting frofn the experience. After a 
hard days work or extensive travel, a participant may on 
bccaSbn'ddZejdumigi^'^^^ It seems" ludicrous THowev- 
er, for management to distrust the motives of profession- 
als participating in CE/S&E to whom they pay high 
salaries and otherwise entmst the technical advance of 
the coijipany. 



XIV. A Comprehensive Systems. Approach to Satisfying the Diverse Needs of the Tot^ . 

* CE/S&E Audience Spectrum . ' 



"The principal interdependent components of a national 
CE/S&E system are: 

1. Sources of new knowledge and techniq^ues. 

2. Sources of state of the art knowledge and tech- 
' ^ ' nique^ applicable to R&D activities as well as 

routine industrial 'practices. 

3. Discernible CE/S&E^ audiences. 

4. Delivery methodologies, i 

5. Evaluatioii methods and feedback channels. 

6. ^ Implementing agencies. 
^7. Sponsoring organizations' 

. - • * . J» 

These components must be appropriately organized 

and integrated to optimize the benefits to all individuals 
and organizations involved. To assure economic feasibil- 
ity as wcjl as effective transfer of technology, the system 
oj)erating parameters and constraints must.be carefully 
formulated and implemented Some^of the parameters 
an^ constraints are as follows: • ^ 

1. Maximuai/minimum participant to faculty ratios. 

2. Costs of instruction or subs(;ription ta system ser- 
r vices. ^ 

- 3. Levels of technology^ transfer matched to target 
audiences. . ' 

4. Frequency* of sessions or periods during which 

services are to be available: 

5. Hjeo^phic range of operations. 

(>. Interconnections and relationships between 
cooperating operations at the same or different 
geographic locations. . ^ . * 

7. , Size of operations to meet needs of target audi- 
V - ences in given l&calions. ' * 

8. Specialization or service limits to, meet "needs of 
• ' - particular target audien<fes. 

9. .Investments and related limitations for producing 

instructional materials associated with the 
technology traiisfer proces^s selected. 
10. Measurements for assessing benefits to the target < 
"audiences as well as of system. op)erations. - 

For any given operation, a variety of facjors miist be 
established^ follows: 



I. Local or regional industrial mix. , 

2. Identification of local or regional target audi- 

ences. 

3. Size of local or regional total eligi^l6 populations 

and probable percentages of participants attain- 
able in the several target audiences. . 

4. New knowledge needs^f the target aucfienc^ 

based on, R&D as wll as high-technology con- 
tractual woiic in progress. 

5. Projections for anticipated proposal activities ov,er 

the next two years in the target area. 

6. Determination of probable requirements for 

courses, workshops, seminars, short CQurses, 
packaged programs, learning ,n|o(Jules, 
electronic-media programs, etc. ^ 

7. Existence and anticmated offerings of competitive 

programs in the target area; particularly inhouse 
courses conducted by local or regional indus- 
^tries. / ^ ^ ' 

8* Enlistment of compe(gnt instructor talent and pre- 
liminary arrangements for instructional mate- 
rials. » s . - 
9? Scheduling of programs. 
10. t)evelopment of promotional materials that pre- 
sent accurate descriptions of offerings, instruc- 
tors, schedules, locations of programs, tuition 
and instnictio|ial^ifiaterials. - 
Registration of participants . 
Implementation .of peculated programs. 
Collection of prograai evaluations'from particip- \ 

ants. . . . ' , 
Feedback of prograni evaluations to instructors 
for appropriate action. ^ 



II 
12 
13 

14 



Systenf%perat{ng Detail 

► • *• 

Little appreciation for systems, concepts can be 
achieved without sonie understanding of .operations. For 
that reason* siich detail is discussed here in guideline 
form. Exp)eriences in conducting, a uniVersity-based 
CE/S&E at various levels and for diverse audience^, as 
well as observing other company-concJueted and ^ 
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uniVe^sity-based programs in different geographic I 
ttons around the counliry lead to a, number of guidelines 
forsatfsfyipg the diverse npeds of the total CE/S&E au- 
dience spectrum and are recoijfimended as follows: 

""f .' Participants' should upt be expected to devote 
more.than one day per week or one evening per 
week to class attendance^ although some will 
come twice a week. Enrollments vyill suffer 
seriously if most students cannot take more 
^ thah one course they need during the same day 
JOT evening. 

" 2. Keep accurate attendaifce records, but develop a 
liberal' policy, on absences. Never ask for ex-' 
cuses. ijp to 25% absence from class ntay be 
unavoidable because of business travel, over- 
time worle requfrements (especially on proposi- 
als), and conf^cting community commitments. 
Do not penalize participants with faulty atten- 
' dance records who otherwise make earnest ef- 
forts to absorb the work, and contribute to class 
discussion. ^ * - 

3. Lateness due to Commuting' difftculties is an in- 

curable feature of continuing education. 
Strenuous efforts to correct late arrivals may 
eliminate both the problem and the" program. , 

4. Audio-visual aids, as 'well as an operator, should 

be available on' one or more* weeks notice at a^ 
' preset' time. Instructors should be responsible 
for making their own arrangements through an 
assigned assistant. Taping of'class discussions, 
^ liowever, is taboo. 

5. Administrative help cojuing in contact with both 

the participants and Instructors must \k intelli- 
gent and cooperative. Some participants throw 
their weight around. Matters become very dif- 
ficult when the staff alscT does so. 

6. Classes must be kept *to optimal sizes. Survey 

courses caia be large, but in-depth (;giKses and 
workshops should not have less than 10 or more 
, / than 25 participants. Seminars ^are very 
flexible — sdmc can accommodate fifty students 
with ease;. . . - 

7. Sequence^ ?of courses^ ^•eqtiire long-range com- 

mitipents by participants. Do nol start such 
series unless a hiarkfct analysis demonstrates 
^ appropriate (Jemand over the l9ijg haul. Offer 
individual courses that may represent a series, 
* but do not promote them as a series. ' 

8. Instructors truly wortji their salt may be plagued 

by requirements /or busines^s travel— so they 
wiJi be .torn between their responsibilities to 
' their jgbs as well as ^h^r students. Provisions 
for oiaking up missed sessions must be availa- 
* «bl& and participants should ifc informed that the 
risk of «ome cancelled sessions is characteristic 
of CE/S&E. Of course, participants should be 
informed well in advance bf such cancellations 
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and make-up sessions, or phoned at work if a 
♦ * class must be postponed at short notice. 
9. CE/S&E programs should ,be clekrly related to 
^ local industrial ^nd business peeds and not 
^ . competitive with other courses available to the 
target audiences. 
' 10., Tuitions or CE/S&E should be comparable with 
those for graduate work or free to employees if 
conducted on an inplant basis, 
i 1 > CE/S&E should make the participants stretch in 
. competences, and in no sense compromise 
level if the majority of the participants can cope 
wiitti the work. Instructors, however, should 
have sufficient flexibility to adjust contentiuid 
„ level consistent* with the majority of the par- 
ticipants. * 

Auditors of classes should not be tolerated and be 

asked to register or leave when detected.. 
Instructors should be permitted to conduct classes* 
as they see fit; within the frameworic of good 
taste and pedagogy. 
Classes should not normally be visited to appraise 
instructor performance. Formal evaluative 
feedback about instructor performance at the 
end oY a course shouldsuffice. Informal rqports 
by participants are inevitable an4 should be 
considered seriously. Word of moutl^ endorse- 
ment* of a given coursfc among participants is' 
measurable in the* subsequent ^populafity of a 
particular course or instructor. 
Canceled classes should be made up at the con- 
venience of the class. 
A liberal policy for accommodating substitute lec- 
turers recommended by a: reliable instructor to 
avoid missing a class .session should prevail. 
Participants welcome such substiljLitions.> 
Moreover, substitutes are an excellent source 
for new instructor talent as well as iliew sources. 
17.. Handle criticism judiciously. Listen 'to particip- 
, - ant's comments carefully and weigh them criti- 
cally. Do not take precipitous action. Where 
criticism of an jn^tnictor is 'Jnfdicated, don't 

* beat around the bush. Confronyth^jnstcuctor 
^ privately with^he criticism anji^ive thelnstruc- 

• tor an opportunity for. corrective action. Re-, 
place recalcitrant, instructors at once. / . 

18. Confine most classes, workshops arid seminars to 
the tours between 4:00 and 5: 1 5 p.m. , and only 
^ on P^^jdays through Thursdays. Schedule clas- 
ses to suit the inslructor'^s availability. The 
premium times are 5:00 to 7:00 p.m. and 7:15 
to 9:15 p.m. These times make it possibly for 
some participants to take two courses during a 
given evening and allows time for classrooms 
to empty and refill. The*7: 15 to 9:15 period is* 
most popular I with students and instructors 
alike. Day-long CQurscs should be conducted 
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between the hours of 9:00 a.m. to Noon and 
* /from 1:00 p.m. to 4:00 p.m. ' 

, 19. Schedules of courses should correspond generally 
to the local high school calendar,-or to that of 
V ' an evening graduate school if such programs 
exist in the area. This arrangement helps partic- 
ipants with children in school to plan their vaca- 
* tions. 

20. Some courses may be started at 4:00 p.m., to beat 
rush-hour traffic, but since most participants 
' will be required to leave work about an hour.fn 
advance, such early courses should «ater 
primarily. to executive level people. 

2K Students should nfil-be expected to travel more 
than 30 minutes each way to class or fight , 
heavy traffic. AboCit 70% of the students will 
be drawn from a ten-mile radius. Few students 
will travel more than fifteen miles. 

22. Adequate parking orj?ublic transportation shpuld 
. be available. Since few participants ^^leave a 
campuSf before the next shift arrives^^pce the 



normal parking area for evening groups is re- 
quired. • ^ 

23. CE/S&E deserves premium space on campus or- 

inplant. High schooLsettings for such programs 
ough^ to be avoided, espe^ally if equipped 
with juvenile furniture. 

24. A good food facility should exist in the vicinity, 
• preferably a cafeteria mplant or on campus 

serving meals at reasonable prices. Few high*" 
schools used for some CE/S&E courses have 
cafeterias that are open during evening hours. 

25. ^Classrooms should be equipped with adult seat- 

ing; adequate writing surface and blackboard 
space; be well illuminated. and ventilated. 

26. Grades for non credrt courses should not be giv^ 

en. 

27. Cooperate with ^nsoring organizations to hejp 

them determine the benefits obtained their 
employees in CE/S&E programs, but under no 
circumstances provide recommendations foi; 
prof^sional promotions of participants or 
career directions. 



XV. kefationships of CE/S&E to Graduate Programs 



With rare exceptions, it takes about ten to fifteen years 
for knowlddge, percolating from R&D at the technQlogi- 
cal frontiers, to become part of formal graduate school 
curricula; although by then a better understanding of the 
principles involved are available. For example, few if 
any of the topical areas given in Table I, which deals 
\vith em^gent technologies are currently covered by 
graduate courses. Topical areas given in Table II, which 
lists recently .emerged technologies that Rave been in 
existence some 10 tg^;2p yearif^e just beginning ^to be 
included in -graduate curricula. 

For this reason, advanced scientists, erigineers and 
technicians wording at the vfery cutting edge of .the 
technological advance cannot look to graduate programs 
for fulfilling their needs for XT^&Br ^ 
^' Even professionals working at a somewhat less ad- , 
vanced level whose efforts are largely that of product 
desigiv' rather than R&D, will require CE/S&E of a less 
• fundamental, nature than that offered by either under^ 
mduate or graduate curricula in the sciences or en-» 
gmeering. Only graduate programis in engitieering 
technology, of which there ^e very few^ relate to the 
know ledge Vontent qf ^rtinence to designers on the job, 
»but few of theid peo^ can afford to take sttch graduate 
\<fork on an exlenstv?Basis. . ^ 
Scientific -Jihd engineering xjupricula ^end^ be* basic, 
tn?y 



as tney should 6e, but •also increasingly theoretical as 
wefl is. liberal. Even tlv3ugh they^ canrtot be all things. to " 
*\ ' "all people, academic institutie^ris serve a varietyjbf needs ^ 
• in theif coTqmunities Yet, despite'^errgrowtng^fvcr- 



sity and commitment to services that hithertoihi^ been 
well outside the province of academia, the first responsi- 
bility of graduate and undergraduate schools of science 
and engineering is still to prepare young people to be- 
come alert, informts.d and constructive members of soci- 
ety. Many academic institutions are unwilling to tamper 
with this traditional role for fdar of diluting their efforts' 
towards fulfilling this prime responsibility. This aftitude 
T)rev,^ts many academic institutions from responding to 
the continuing educational needs of the work-a-day 
world; even to the needs of their own graduates who have 
gone on to become contributors and executives in indus- 
,try, business and the professions.* The "ivory tower syn- 
drome** prevails in much of academia and it seems al- 
most hopeless to try to change the attitudes of institutions 
devoted to tr^itional disciplines and studies. 

Fortunately, a few academi): institutions whose focus 
is set on the needs of the community and on the futute, 
rather th^ upon the needs of the faculty and the classical 
past, recognize th^ new knowl^ge does not grow on 
trees nor does mosf ,of it originate in academia these 
days. These institutions realize that professionals have 
become'the principal new knowledge generators and that 
somehow this hdw knowledge must be injected -into 
gradual and undergi'aduate curribula if regular academic 
prOgramii are to be relevant to the needs o^the students, 
society and the times. 19 * 

What better way can there be for harvesting'and distil- - 
ling such t)^w^ knowledge than by bringing together a 
, group of l^owledg^rable contributors to advances in a 
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particular field for a round-table learning experience and 
giving them an opportunity to^share their knowledge ^nd 
exchange their views concerning sbnne mew area of in- 
'cjuiry or intellectual activity? Wheri^such groups are as- 
sembled in the presence of instructors from academia 
(who.arer there primarily to serve as catalyst^, referee the 
teaching/learning process, k«ep~d!scas"S^fon5^ocu5ed' on~ 
the subject, and help the group over rough spots as they 
develop or search out experts on somfe particularly sticky 
point should they be unable to do), they are in position to 
benefit far more, Jhan any one of the participants and 
bring back some of the new knowledge acquired in this 
process to their regular teaching activities. 

Only academic institutions that have scientific or en- 
gineering schools will probably respond to the growmg 
neeAs for CE/S&E, but there is no guarantee that-those 
that should will do so. Wherever one of several academic 
mstitutionVhas already responded to such needs in its 
l(3cale; industry,, government and some local branches of 
professional societies have responded in kind by support- 
ing the effort fiancially pr through tuition refunds and ^ 
promotional assistance. Industry and government can' 
also solicit the services of their own outstanding con- 
tributors^ as resource persons or instructors in CE/S&E 
.programs conducted by acadejnic institutions. 

Academic institutions, however, cannot'sit back and 
expect industry or govemmerfl to come to them with 
requests for CE/S&E programs. They must take the in- 
itiative in developing such programs that meet a yariety 
of needs at all levels and for the several audiences that 
can benefit them. Academic institutions can also meet 
the specialized needs.of local companfes by designing 
workshops or courses that dater directly to their unique 
needs and conduct them as in-plaht programs on a com- 
pany's premises or alternatively offer uniquely tailored 
programs in special facilities or on campus. 

>yhere Academic institutions have not taken the initia- * 
tive to provide needed CE/S&E programs, or have not 
been responsive to the needs of local industry ,*a vacuum 
will exist until filled sooner or Izfter by enterprising pro- 
fessional societies, propijetary educational organiza- 
tions, or other schemes using'special technolcjgy transfer 
techniques. * ~ , 

' Even where scientific and engineering schools are re- ^ 
sponsive to the CE/$&E needs of industry, their under-* 
graduate programs will continue to concentrate on de- 
veloping a bfoad foun<^ation for future specialization, but 
because of continued growth of knowledge in the basic 
sciences, emphasis will be placed on knowledge com- 
pression through integrated stij|jies in^ physics, chemis- 
try, mathematics, cohimunicative skills and the 
humanities. Some ^pects of^ the engineering sciences 
'such as applied mech^ics,' thermodynamics, comm\ini- 
cation theory, energy conversion and circuit theory will 
give students insights to the interrelationships of energy 
artd matenals in the performance of useAil functions. 
V/hile tWs pattem should provide an effecnve knowledge 
base, serious difficulties will arise from the growing 



abstractions in classroom considerations of practical ap- 
plications of scientific principles. These abstractions 
stem mainly from unfamiliarity of some educators with 
current professional practices as well as a tendency of 
curricula to consolidate the burgeoning mass of subject 
matter into fewer courses. For example, several courses 
m etectromechanteal energy conversioft no w c o n s olid a te - 
work previously given tin several electrical po^er and 
machinery courses. Such consolidation's both necessary 
and desirable, but a n^w language, ihcomprehensible to 
most designers, builders, dealers and purchasers of elec- 
tncal machinery has developed. Recent graduates who 
have had this kind of course will have tp contend with a 
language barrier bn top of a knowledge gap upon enter- 
ing the industrial world'. 

Graduate work is now largely ^an extension of under- 
graduate education. Its aim is to develop depth in re- 
stricted'areas of applied science. The principal objective 
is preparation for researcl^. Gradute work under **per- 
sonal direction," in which students were ** apprenticed'' 
to their professors, has become economically unfeasible. 
Jslany important values formeriy derived from personal 
interactions between the professor and student have dis- 
appeared. While emphasis in graduate education will 
remain th^t of preparing people for research, it will not 
effectively fulfill the practical knowledge needs for ad- 
vanced applied scientific or engineering work unless its 
orientation were substantially changed. 

Fot these re-sorts; continuing education in science, 
engineering and technology must become the principal 
means not only for helping to keep alert professionals 
abreast of developments but also>bridgingShe gaps that 
exist for each of the target audiences between theory and 
practice. ^ 

• Of course, th^ younger people will oe interested in the 
formal undergraduate and graduate programs because 
they are concerned with the accumulation of academic 
credentials. There is no reason, however, why recent 
undergraduate, students cannot altemateiheir educations 
between ^graduate work and CE/S&E related to their 
^ntry jobs. In fact, with rising costs of forhgl education 
lis well as the proliferation of both b^isic ancftpplied new 
^TOiowiedger^most-young people will be forced to hold 
^ down full-time jobs while they participate in part-time 

graduate work until they have obtained their terminal 
degrees. 

For somewhat similar reasons, scientists, engineers 
and technicians 0[y find it quite useful to participate in 
part-time graduate work where they wish to augment 
their academic credentials while simultaneously adding 
to theif grasp of basic knowledge at higher levels. 

This form, of interplay between tE/S&E and formal 
academic credit bearing programs should be of benefit to 
all concerned including the educational institutions, but 
unless means of recognizing knowledge acquired on the 
job and through non-credit CE/S&E in lieu pf formal 
prerequisites, the scale of such interplay will be severely 
limited. 



XVL Problem of Assessment of Needs and 
Markets 

ft ''' 

By all odds, the most difficult problem in the assess- 
ment of needs an^i markets for CE/S&E is the^enlistment 
of a prograni director who has an expert understanding of 
the4nd u stri a l m ix i n t h e-targetiorale or reg ioii^Jiajs- _ 
competent in the education of professionals, and posses- 
ses the management skills necessary to plan and imple- 
ment a CE/S&E program that me^ts preset objectives and 
iSjBCConomically viable. Such individuals are scarce. 
Moreover, it i^ difficult to obtain these qualities through 
a combination of people because most-programs operate 
at or belew breakeven and cannot afford more than one^ 
qualified person. ^ 

Having acquired the essential director, it soon be-' 
comes evident that the keys to the assessments of know- 
ledge needs and the size of the target mai^ket are: 

1 Currer^C R&D and high technology contractual 

worjc in progress ' ' q ' 

2 Anticipated proposah ^activities of local industry 

over the next two years. 
3. Jht eligible population of scientists, engineers 
and technicians in the area. 

4 Content and' populations participating on ecom- 

pany conducted inhouse CE/S&E programs in 
the area. 

5 Projections for changes in the employment of sci- 

entists, engineers and technicians over the next 
two years in the are^. 

6 Prevailing industrial policies concerning the fi- 

nancial support of, or tuition refunds for non- 
company sponsored CE/S&E 

Information as to the work in progress, and the num- 
bers*of scientists, engineers and technicians involved, 
can be determined by asking the appropnate executive 
office!^ of the principal high-technology companies in 
the"krea who are usually responsive "when they under- 
stand the purpose for the inquiry. Other sources for such 
information are the local chambers of commerce, <the 
State Departments of Labor or Employment Security, 
advertisements for technical personnel in the local Sun-^ 
day papers, as well as the instructors and participants of 
ongoing" CE/S&E programs. 

Experi^ces accumulated over a fourteen year penod 
shows' that sources for information in assessmg jieeds 
^nd prob*able participation levels, in order of descending 
reliability, are: 

i, 1 . Instructors currently involed in the C^S&E pro- ' 
* gram. 

2. * Students (participants) currently involved in the 

CE/S&E program. 

3. Regular college faculty having liaison relation- 

ships to pr6gams (who a|so consult with local 
industry)., 

s ^4. Remarks of professionals at social functions. 



5. Engineering executives during plant visits. ' • 

6. Telephoned suggestions by professionals. 

7. Classified advertisements for professional per- 

sonnel. 

8 Research departments of local chambers of com- 
merce. , / ^ 

9 Research xiepartments of State E^artments of 

ZdlibfoT EmpToyment SecuruyT ~ " " " 

10 Inquines about specific topics^fey prospective par- 

ticipants -(Ihey often can indicate how marfy 
other people m^y be interefsted in a topic). 

11 » Advisory committee drawn from industry. (This 
^ group starts off consisting of engineering man- 
agers who then send their personnel people.) 

,12. Training and educational managers. 

1 3 Announcements of CE/S&E programsi*rom other. 

local institutions. 

14 Technical society surveys. (Most respondents to ' 
» J such surveys want relatively^short s^t'courses 

at practical^ no, cost usually attended by hun- 
dreds of people per session. They will not par- 
ticipate in CE/S&E programs catering to smal- 
^ ler numbers of students to enhance educational 

benefits, but^t higlier tuition fees^.) 

Continuous attention to articles in the professional 
journals and daily review of announcements of new con- 
tract ^wards or governmental procurement information in 
the local business press, the Wall Street Journal and the 
U S. I>epartment of Commerce Daily are worthwhile 
efforts that round out the data base useful in assessing 
needs. CE^S&E offerings in the area and estimates of 
participation can be obtained from local industries and 
educational organizations. Such information is indicative 
of current ne'feds and a clue to probable needs over the 
short haul. Local chapters of professional' 'societies are 
usually cooperative in providing pertinent information or 
leads for the acquisition of useful data from reliable 
sources. 

Once a particular CE/S&E program has been in opera- , 
. tion for several years, and its relationships to other ongo- 
ing company-conducted and university-based programs 
have been established, it is a jielativeU' simple matter to 
assess needs and markets that can be^erv^d. Considera- . 
ble imagination, expertise and energy are required; , 
however, to plan'growth and serve 'uhmet ijew'knowl- 
,edge heeds ai)d tap .a larger portion of the elig^le popula- 
tion. V ^ • ^ 

With the foregoing in mind, the principal problems for 
, aii^essing needs and markets can be summarized as fol- 
fows: , . ^ • ' • ' 

1. Acquisition of a program director or other per- 
' sonnel who can collect, interpret and aiyilyze 
^ the data necessary for accurate assessments. 
•2. Enlistment of sources for reliable data. 
3^ Sustained cooperation of local industry and public"^ 
information sources. • * 
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4. Lack of adequate data relating to the breakdown 
of professionals-' in a given geographic locale. 
Scientists are not distinguished 'from engineers, 



nor are^'R&D technicians often distinguished 
from machinists, repairmen, draftsmen and 
other technical vocational-employees. 



XVIL Comments Concerning Current and Projected Audiences for CE/S&E and Recom'-^ 
mendattons for Furthei^tudy-oi^Active Intervention , 



It seems a foregone conclusion that, as the scientific 
advance accelerates and technology jjroliferates, every 
scientist, engineer and technician will have to cope with 
rapid change and gaps in knowledge that will interfere 
* with their performance on the job. Even the generators of 
significant amounts of job-related new knowledge, and 
techniques will find it advantageous to keep abreast of 
advances in their, fields that do not immediately affect 
^ their work and attain conversance m disciplines that do 
Where CEvS&E is properly matched to the needs of 
one or more audiences, an increasingly large number of 
participants should be expected to comniit themselves to 
such supplementary studies It is necessary, however, to 
substantially raise the level of participation, from the 
present- 107c of the eligible, population on a national 
basis, if the nation is to retain its current pre-eminent 
position in science and technology 

Perhaps it would be unduly optimistic to expe^^ every 
scientist, engineer and technician to participate in CE/ 
S&E, but a target number of 509c of the eligible popula- 
tion IS a worthwhile goal. Means to achieve this level of 
participation merit further study 

At present,' the participating audiences consist primar- 
ily of the principal contributors to the scientific and 
technological advance. Why? No doubt,^ these are the 
" people who need the most recent new knowledge sb that 
' they may continue to contnbute at tlfte cutting edges of 
technology and share in new business opportunities that 
call for expertij^e in the high technologies 

Unfortunately, few CE/S&E offerings are matched to 
their new kno^vledge needs. For this reason, most^mqn- 
bers of these audiences are inadequately served^and con- 
sxiquently do not participate. 

Most so called CE/S&E offerings across the nation are 
watered down graduate courses offered on a non-credit 
fosis. In other instances, participants are.allowed to audit 
regular graduate courses at reduced. tuition and on a 
non-credjjt basis for whatever ber^efits may accrue to 
them. By far-the best courses oftefed primarily at^ lower 
i technological levels are parts of cor^pany-conducted in- 
yplant programs for employees., 

'Changes in the nation's pre-eminent posture can be 
expected as foreign countries develop their high technol- 
ogy industnes and compete w;th U.S. products and ser- 
vices arognd the \vorld. Thisjs a compelling reason, 
incjeed, for Federal intervention to keep the nation's 
technical manpower resoui'ces updated. 

France has taken the initiative in recent years to pro- 
vide an introduction to continuing education for its total 
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workforce. All employers are Required to provide up to 
40 hours of sponsored continuing education to every* 
worker. Employees are paid their regular salaries during ' 
the 40 hours off their jobs and take whatever coursework 
they wish, for which they must qualify at prescheduled 
times. The principal audiences, however, come from in- 
dustry, particularly from those organizations owned or ^ 
regulated by the state. 

So far,- there are virtually no programs for advanced 
professionals because they do not participate T)ne ex- 
planation for their lack of enthusiasm is said to be a 
reluctance by French professionals lo suggest that they 
may need updating or competencen enhancement, More- 
over,*French educational institutions are uncooperative 
anfl their faculties are»aloof. French academia ts charac- 
terizec^by an "ivory-tower syndrome" and can but ^ 
grudgingly be introduced into this national effort. 

It is anticipated, however, that trade associations, pro- 
fessional societies, large industries and public utilities 
wilf expand their program with furfher g(tvemmental 
subsidization and offer their programs not only to their 
own employees or members, but al^o to the general pub- 
lic. 

Similar'legislation in the U.S. might have a profound 
effect in bringing the needs for continuing education to 
every worker and employer. Moreover, with proper de- 
sign and flexible implementation, such a scheme could 
stimulate a broad segment of the industrial community to 
participate. , / 

Of course, 40 hours of CE/S&E is not enough ,^ but in 
niostytases it is far^morp^ than most people are getting. 
Such a job-related jiinge' bene/it might start many em- 
ployees off on a regimen of continuing education that 
requires but 2 to 4 hour^perweek on a cofitinuing^basls. 
Perhaps a program of 100 to 200 hours per year, paid for 
by employers but taken voluntarily » will bring about the 
changes Jn^articipalion desired. 

// is. therefore, recommended that a study of Federal 
stimulation Of CEIStScE through iegislativn be Under- 
taken to make such education afringe benefit available 
to every technical worker. It seems appropriate that such 
CE/S&E could be established under the guidance of 
NSF - . * ' ' 

- University-based research tends to be fundantental and 
seldom has immediate applicability to indusyial-RiS^D or 
engineering practice. Industrial sponsored research at 
universities seems more applicable to pracUP^but usu-^ ^ 
ally covers afRpect^ of work not p^icul^ly suifiti to the 
customer's own R&D operations^ An increase irKcooper- 
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ative university-industry R&D, conducted at industrial 
facilities where the appropriate instrumentation ^and ap- 
paratus may exist, could serve to enhance benefits for 
more college faculty by not only broadening their under- 
standing of industrial practices as distinguished from 
theory, but also prepare them for participation as instruc- 
tors or resource persons in^CE/S&E. NSF can have sub- 

^stantial influencfi-ialhe_ainplificatiQiLQ£3iichLC0Qperative 
programs by suggesting R&D that meets societal needs 
as well national priorities and serving in an advisory 
capacity to universities knd industries in the implementa- 
tion of such joint R&D. 

It is, therefore, fecommended that NSF undertake a 
study tp encourage cooperative university-industrial 
R&D .aimed not only at helping to meet naticfnal needs 
for new technology, but also the enhancement of faculty 
qualifications to serve instructors or resource people 
Jn CEIS&E. , 

"For the most part, universities regard continuing edu- 
cation as a marginal activity and treat its administra tive 
staff or CE faculty as second class citizens In fact', some 
of the accrediting agencies frown on the use of full-time 
colleger faculty for continuing education programs and 
thereby reinforce the relegation of CE/S&E to secondary 
status. NSF can materially alter this situation by inter- 

^ ventive action that will place a higher priority on 
CE/S&E at universities and change accreditation poIi(yes 
that currently preclude full-time faculty participation in 
continuing education. // is, therefore, recommended that 
NSF study means to upgrade the status of CE/S&E at the 
nation's universities and foster the recognition of con- 
tinuing education as a valid activity for qualifiejd full- 

. time faculty. . ' 

Continuing education at most universities is consid- 
ered primarily as an income producing activity rather 
than as a means for serving professionals, most of whom 
are their own graduates, with otherwise unavailable edu- 
cation opportunities. Federal subsidization of CE/S&E at 
universities on a cost-sharing basis could materially alter 
|he attitudes of university administrators and faculty . 
alike so that continuing education would' be handled fi- 
nancially as one of their regular educational activities. 
On this basis, it is recommended that NSF undertake a 
study of Federal subsidization of CE/S&E with a view 
towards establishing continuing education asSmancially ' 
sound and fully recognized part of higher emcation. 

Some educators and training administratoVs from in- 
dustry as well as academia seem concerned about the 
quality of CE/S&E.'As a consequence of this concern, a ' 



rather ^loose system of "Continuing Education Units" 
(CEU^s) has been established as means for recognizing 
participation in continuing education and for rating 
courses. Experience has shown thatCEU's are virtually 
meaningless for professionals with academic credentials 
and not truly acceptable to techriicians seeking some 
forms, of undergrad uate credentials. During 1976, the 
.Continuing Education Division of Ihe .American Society 
for Engineering Education issued a whitq paper that rec- 
ommended the abandonment of CEU's for rating 
CE/S&E co.urses, workshops, seminars and short 
courses. 

A majority of professionals would prefer to have no 
ratings or accreditations for non-academic CE/S&E pro- 
grams because of the constraints that would be imposed. 
Most CE/S&e programs cater to participants with mixed 
academic backgrounds^ but common interests in a sub- 
ject area. Jhey may differ in competences, yet much of 
their knowledge requisite to benefit from a particular 
course has been accumulated over years on the job. 
Thus, the imposition of credits that have no academic 
significance may eventually require prerequisites, grad- 
ing and evaluations that could not only severely reduce 
participation, but also seriously cut inta valuable time 
that participants can devote to CE/S&E. 

Still, a strong feeling persists among some employers 
and educators that means short of tes^Ag^tudents, freez- 
ing the contents of an offering, aftdgivNfi' grades or 
credits, should be developed for evalu5nig"ttm?^rits of 
CE/S&E programs to assure that the related elipelse is 
Warranted. 

Several instruments for participant ev^uatiob of 
CE/S&E courses, workshops and semin^ are in use* 
Some of these instruments^ which are usually filled in by 
able professionals at the completion of a program, are 
acceptable to employers. If an employee claims to find 
an offering beneficial, it usually satisfies the sponsor. 
Yet, fault is found with. these instruments because they* 
do not evaluate the performance of each participant. 
Some employers want a grade in pro^^ams that*do not 
warrant grades. 

Because this matter of CE/S&E course and participant 
"p^ormance evaluations seems to be a recurring prob- 
lem, It is recommended here that NSF undertake a study 
to determine means for evaluating non-academic 
CE/S&E offerings as well as participant perforn\^nce 
therein wiihout resorting to testing of participants and 
the imposition of i'nflvxible constraints on CE/S&E im- 
plementation. ^ 
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TIONSHIP BETWEEN CONTINUING 
EDUCATION AND PERFORMANCE: A 
STATE-OF-THE-ART REVIEW 

H. G, Kaufman, Associate Profe&sor, Division of Management, 
Polytechnic Institute of New Xork 

The general topic this paper will address is thq rela- 
tionship between participation in Continuing Education 
in Science and Engineering (CESE) and Jts effects on 
perfOTTiance. This relationship will be exploded with re- 
ference to how the|^ucational niode and objectives as 
well as the characteristics of the individual, the work and 
the organization are related to the outcomes of CESE. 

Accelerating expansion of scientific knowledge and 
rapid technological change have contributed to the wide-, 
spread problem of Obsolescence among scientists and 
engin^rs (Kaufman, 1974a^ 1975b). The obsolescence 
of technical knowledge acquired while, in college has 
been* quantified in terms of its ''half ^ife'* (Zelikoff, 
1969). Fo^ example, the half-life for a 1955 engineering 
graduate wj^s approximately eight years — that is, half of 
what was learned in 1955 was no longer applicable eight 
years later. 

Industry and goveft?mentvhave typically responded to 
the problem of obsolescence by providing CESE for 
ufki^ting their scientists arid engitlpers. Indeed, the ex- 
puisioQ of organizational allocations toward CESE ac- 
tivities appears to have paralleled the rapid gr9wth*of 



scientific and technical knpwledge which has occurred 
since World War II (Torpey, 1964; Wheeler, 1968)1 . 



Thi^ Lack of Assessment* 



vith-tKe J 



It would be expected that with-tKe substantial invest- 
ments being made in QESE, there would be some as- 
sessment of the* benefits derived from it by scientists and 
engi^jjh:^ pr their organizations. However, ^all indica- 
tioinie that assessment of CESE is indeed rare. For 
example, in an NSF sponsored ^ jstudy of 17 k&D 
laboratories, it was revealed ths^t ''none of them report 
any -systematic research or measure designed to deter- 
mine the benefits^f continuing educatit)n either to tHe 
laboratory or the individual'' (RencR, 1969, p. 36}. 
^ However, it' does appear that a minority of private 
' companies do least make an attempt to cnT>out some 
type of evaluation of CESE as, the following survey of 
over 70 large corporations* rdveal^d: 

Attitude surveys, skills inventories^ turnover analyses 
and degref and patent coujits were identified as ways 
by which industry "assessed the effectiveness ?UKi yalue 
of its sponsored continuing education: The most fre- 
)A]uently used method of assessment was the attitude 
|C survey. Degree c6untSi|/^ skills inventories, turnover 
^ analyses, and patent counts followed in ranked order. 
However*, more than 60 percent of the responding 
companies used no method for assessing eit^ier effec- 
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tiveness or value of their coiUinijing education pro- 
gramSv CoUec.tion, analysis, and study of data about 
objeelives, participants:, or pcograjris were lacking. 
This lack of measure and evaluation Jimlted the under- 
standing of means for combaftirig 5bgglescence be- 
cause it restricted the available knowle^e tn t\\x$ ft^ld 
(Wheeler, 1968, pp. 25-26). 

As can be seen from the criteria used by those organi- 
zations- thzj^jio evaluate CESE, job performance is con- 
spicuous by its ahs^ce. in the N^F sponsored study or\ 
continuing education it was Recommended ''that man- 
agement undertake th& same type of evaluation which is 
exemplified in the literature evaluating management and 
other types of personnel training. To ouf knowledge, 
such personnel research techniques have not been 
applied anywhere in the field of continuing education for 
scientists and^ engineers" (Renck, 1969, pp 85-86). 
With such substantial organizational resourc*es invested 
in CESE and with personnel researchers so concerned 
about the factors contributing to the performance of 
technical staff, it is truly remarkable that there is such a 
paucity of research relating CESE to performance. Pos- 
sible reasons for this will be addressed later in this paper. 
Despite the lack of organizational assessment of CESE, 
there is a limited amount of relevant research that has 
been cafried out primarily by university based inves- 
tigators focusing on private indu^ry. The results of this 
research will be integrated below in order^o improve our 
understanding of CESE and its effects. 

Most organizational support for formal CESE tends to 
be conce;itrated in two areas, namely, tuition refunds for 
jij^iversity sponsored courses and sponsorship of in- 
nouse courses (Wheeler, 1968). Hence, this analysis will 
focus primarily on these two course modes. 



UNIVERSITY SPONSORED COURSES 

It has been found that completing an advanced degree 
is related to being more up-to-date (Purrucci and P 
Rothman, 1969), achieving higher job performance (Dal-' 
ton and Thompson, 1971) and attaining more rapid ad- 
vaiKepient (Renck, 1.969). However, it is those wKo are 
/^mast^ competent to begirt with who are niore likely to 
complete more advanced education (Kaufrfian, 1975a), 
and hence, strong relationships between degree level 
and these criteria nlay be spurious. Furthermore, scien- ^ 
tists and engineers who, after completing their bac- 
calaureate, remained as full-time students* pursuing a 
graduate degree wonld not be considered as participating 
in CfeSE. As used in this'^ paper, .CESE applies qnfy tp 
educational activities engaged in by those, who have al* 
ready begun working in tjjeir profes^ioji. 

There is evidence'(Ko^lman, Thompson and Dalton, 
1974) that R&D provisionals who db return later in their 
career to complete a master's cegree are lo\Ver in per- 
formance, compared to their colleagues who received , 



their master's degree* when they were in their early 
twenties — very likely before they began working full- 
time. However, even the R&D Professionals \^ho com- 
pleted a master's degree later in their career still tended 
to be higher in performance than those who did not go 
beyond their baccalaureate. 

More convincing evidence that having an advanced 
degree does improve performance comes from a lon- 
gitudinal study of R&D professionals (Kopelman, 1977). 
The study demonstrated that having a graduate degree 
was one of the most important factors related to* per- 
formance improvement over a penod of four years. But 
since the most competent R&D professionals are more 
apt to complete a graduate degree, thefr performance 
jmprovemejaft may be 'mDre a consequence of their 
competeijire than their advanced education. 
Ajthdugh university-sponsored courses taken for cre- 
were ranked by R&D scientists and engineers^as the 
most important formal CESE mod^for keeping up-to- 
date, participation in these courses were not related to 
advanceifient (Renck, 1969). Other research has also 
failed to demonstrate that the numW of courses com- 
pleted for credit is related to perfomjance and in fact, 
R&D professionals who completeld"more accredited 
courses were found to have^lower performance (Kopel- 
man, et al., 1974). However thistould be an artifactof 
those with the least education (e.g., those without a de- 
gree), who may be the. poorer performers', enrolling in 
such courses. ' 

Further complicating the relationship between CESE 
and performance are consistent findings that those* tCho 
complete univerjity-sponsored courses are perceived'a^s 
less obsolescent, regardless of whether or not the courses 
are applied toward »a graduate degree (Cenko, 1964; 
Rubin and Morgan, 1967j\A possible implication of this 
is that participation ip CESE may result in a positive 
'*halo" effect in the performance ratlings of some scien- 
ti^s and engineers. This would tend to bring into ques- 
^tion the reliability and validity -of performance ratings as 
'criiteria for CESE. Unfortunately, there are few altema- 
tives cnteria to performance ratings that are relevant to 
all scientists and engineers. Thus, a greater understand- 
iDg of the relationship between CESE and performance 
appears to he dependent, in p^rt, on the development of 
more reliable and valid criteria. 

Individual Differences / 

Itjs clear that one of the major problems in attem^ing 
to determine the effects of CESE on nfcrformance, even 
in longitudinal research, is the need t^emove the effects 
of individual differences on course participation. If this 
could be accomplislied, it would permit an analysis of 
the contributions of CESE to performance^while control- 
ling for the effects of competence on course-taking. 

There is one sfudy that did take into account individual 
differences and their relatiijnship to CESE (Kaufman, 
1970). This study was longit/Hhal aijd followed upM 10 
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engineers in Ihree organizations who were administered a 
battery of tests by Educational Testing Servici? shortly 
affertfaey were hired (Hemphill, 1963). Thus, thert were 
competence scores available for base-line data: Perfor- 
mance ratings and CESE data covered a perwd of 1^ 
years, divided into three periods, namely, the early 
career, the half^ife period and mid-career.' 

An. analysis of the total- sample, revealed that there 
was a small positive increase in the relationship between 
the number of university courses completed^ and later 
job performance, so- that by nyd-career this relationship 
became significant (Kaufman, 197J3),.A new analysis of 
this data controll^ for initial competence which .was 
found to be significantly related to participation in 
graduate courses (Kaufman, 1972). When initial 
competence was controlled, the relationsn between 
graduate course-taking and subsequent performance was 
reduced somewhat but was still significant during the 
.mid-carter period. 

Work Environment 

Since differences in work environment were found to 
be related to participation in graduate CDurses (Kaufman, 
1975a), organizational characteristics may affect the re-| 
(ationship betweell graduate course-taking ^ perfor- 
mance. Hence, a comparative organizational analysis 
was carried out and the results are depicted in Table 1 . 
As can be seen from this table, in organization A, whose 
work is exclusively in R&D, there is a strohg relation- 
ship between the number pf graduate courses taken and 
oerformance, at least up until mid-career. When initial 
cynpetence is controHe^/fSr in organization A, the rela- 
tionship between participation in graduate courses and 
performance is slightly reduced but still significant dur- 
ing every career period. 

. A completely different picture emerges in the other 
organizations. For example, invorganization B, which 
was oriented toward highly applied developijient work, 
those who completed more courses tended to have lov/er, 
performance early in their career regardless of 
competence. However, no relationship between graduate 
course-taking and subsecjuent performance in the half- 
life OF mid-career periDds was evident. In Organization 
C, whose activities were ^iirected toward, manufacturing, 
graduiie course-taking was not significantly related to . 
performance during any period. 

'Thus, it appears that participating in graduate course"! 
can have a positive effect on performance but only in 
certain work environments. An* R&D environment may 



• The caxly career was defined as the fii^cight years ofwork ex^n- 
ence, the hatf'hfe was from nine tu,^ven years since the engineers 
received their degrees in the midy^SO'^s.^and mid career began in the 
twelfth through the fourteenth vCar 

* Almost all unKersity c1>yrscs were coiSl^tdunng the early' 
career. A measure was developed which^ncli^^Hcgreerccipient3 as 
well as those who completed courses without^^^Mig a degree (see 
l^aufman. 1970). '^m^ 



Table '1. — Correlations Between Number of 
Graduate Cpurses Completed Early in Career and 
Job Performance Ratings During Three Career 
Periods 
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be more likely to encourage and re\N^Vd graduate 
couftb-iaking. But in those environments where such en- 
couragement and rewards are limited oi^ absent, such as 
in the organizations^ngaged in more applied work, 
graduate courses may not only have no impact on per- 
formance but also can even have a negative effect. In 
organization R, it may be that those who devoted more 
time to^grad uate courses were spending less time on their 
job assignments, a factor strongly related to performance 
ratings (Kopelman, 1977). H^nce, it is possib^that ef- 
forts at graduate course-staking may be penaliz^^some 
organizations, especiafly if it diverts time and energy 
from the individual's immediate job assignment. There is 
evidence that di^Qui^igefhent of participation in CESE/ 
particularly by the immediate supervisor, occurs for this 
reason (Hunter, 1966; Kaiffm^, 1974a; Landis; I%9^. 
Since supervisors typical ly^e responsible for rating the 
performance of their subordinates, they have the poy/er 
to reinforce or stifle CESE participation, regardless of 
company policy. ' 

Evaluations by Universitfe$ 

Although assessment of QESE in private ij^stry^as 
been quite limited^ the situation is far worse^n educa- 
tional institutions, where few have any evaluation of 
CESE (Greenfield, 1969). One assessment carrifed out in 
^a university setting was a survey of engineers participat- 
ing in the University of Wisconsin-Extensionxontinuing 
nginfeering education programs (ICIus ancf Jones, 1975). 

is survey found that greater program participation was^ 
related to salary lev^el, salary increases and promotions^ 
Considering that no comparisons could be made with 
not\- participants (i.e. there was no control group), aiid 
that the sample was v^ry likely a select one to begin 
\^ith,1he findings are quite limited in their implications.' 
Perhaps the only jmt)Ucation is that atnong' engineers 
enrolling in university sponsored J)rograms, those who • 
are more competent have a higheTparticipation rate. The 
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survey did not reveal— and indeed could not since it was 
* nojt longit udinal — what effect participation had on sub- 
sequent performance. Sii^\ie it is the universities which 
are largely responsible for developing CESE programs, 
particularly at the graduate fevd, their laxity in assessing 
the effects of their own programs is even more blatant 
than that of industry. ^> . 

\ ' . *■ ' 

Non-Credit Courses 

' , The results of the University of^VVisconsin«Extension 
study cited above, dealt primarily with non-cTcdit pro- 
grams, and there is consideral)Ie evidence that scientists 
and engineers feel that non-credit courses^are important 
for keeping up-to-date (LiBold, Perrucci and Howland, 
1966;vRenck, 1969). Although those who are more 
competent apparently turn to non-credit courses (Klus 
and Jones, 1975, Kopelmaij, 197'7), participatioainay be 
more iikely for engineers who'have only a baccalaureate 
(LeBold, et al., 1966; Renck, 196t9). The limited evi- 
dence that does exist fails to show any relationship be- 
tween non -credit course participation and performance. 

w For example, a longitudinal study of R&D professionals 
revealed ^hat there^as virtually no change in per- 
formaQce related tome taking of non-credit courses 
(Kopelman, 1977). Non-credit coufses^are also offered 
by professional societies but despite being .popular 

. (Landis, 1970), their effects on performance are un- 
known, i^lthougluion-credit Courses appear attractive for 
updating, their impact on performance improvement has 
yet tojbe demoi^trated. ^ * 

Educational Leave Programs ^ 

An>JSF-sponsored stu^y of CESE revealed that only 
• 14 percent of R&D professionals participated in educa- 
tional leaves of absence-with pay (P^nck, 1969) which is 
exactly the proportion of engineers who work in organi- 
zations where this educational o|5tion was available 
(LeBold, et al., 1966). However, such leaves are ujed 
much more by the ' elite*' R&D professionals, who tend 
to be the scientists, and by those wor)cing for the gov- 
ernment (Renck, 1969). Surveys in private industry indi- 
cate that only the large high-technology corporations 
sponsor fullnime fellowships for their employees and 
they are highly selective (O'meara, 1968). ^[h|^ 

The only indicator of program effectiveness has l^n a 
consistent" report that partfcipants*had a much greater 
lij^elihood of remaining in the organization and provide 
longer length of service than.non-particjpants (O^meara, 
1968; Renck, 1969). This organrtzationarcommitment 
•however, may be an artifact of the selection procedures 
used to determine who will particfpatejl 

EducaMonal leave in the form of a sabbatical'appears 
most applicable U) the scientist or engineer at mid-career. 
Assessment of the effectiveness of sabbaticals are rare, 
and when they do occur a questionnaire survey of par- 
ticipants IS* the most populkr evaluation tool (Slonaker, 



1976). However, 'One exception to this methodology ob- 
tained before and after evaluations front individuals who 
acted as reference persons for program applicants* 
(Slonaker, 1976). The methodology was considered ef- 
fective,' despite the lack of a control group. One impor- 
tant fiftding was that "a significanlcminority -of'particip- 
ants experienced re-entry problems when they ^umed 
to^the work place" (Slonaker, 1976; p. 8). The^prob- 
lemsHncluded being out of touch with tfie orgaoi^ational 
network and underutilization of ^lewt^s^cquired krio\yl- 
edge and skills. Furthermore, anticipation of reentry 
problems has served to diminish interest' in sabbatical 
programs (Miller, 1974). 

h is clear that participation in educatiojial leave pro- 
grams have been quite limited and hence, evaluations 
have as well. However, any assessment of such pro-, 
grams, particularly for the mid-career professional, must 
take into account the very crucial reentry problem? 



IN-HOUSE COURSES 



?^^~^r-already noted, there has be^n an pxtremely 
rapid growth in organizationally sponsored in-hoiise 
CESE. However, as in the case of university spbnsored 
courses, research studies that yield relevant data on the 
effects of in-house course participation on performance 
are rare. - ' ^ 

About as many R&D, professionals turn to in-house 
courses as are enrolled in accredited university 
coursework but 44 percent ranked the latter as first X)r 

' second in importance for keeping them up-to-datexom- 
pared to only 20 percent* who selected the -in-house 
courses. These results tend to be reflected in most of the 
research relating -in-house courses to performance. For 
example, those who had the poorest performance tended 

, to have taken the most in-house courses during the orevi- 
ous period .(Kopelman, et al., 1974). However, tlfbre is 
consistent evidence 'that those who are least competent 
are attracted to such (bourses to begin .with (Kaufman, 
1975a; Renck, 1969). Hence, only a longitudinal study 
would be able to determine whether in-house courses 
have any effect. One such longitudinal study revealed 
that, indeed, it was the poorest [formers who tended to 
take more in-house courses (Kaufmart, 1970). However, 
such course-taking was not related to subsequent per- 
formance in mid-career as can be seen fr«m the analysis 
in Figure L This was replicated in three cfrganizations 
and the results were' consistent for all — the poorest per- 
formers take more in-Wiuse 'courses but such 
cour^taking does not, lead to improved periformance. 
Thes6 results hardly chaij^ed when competence was con- 
trolled for; 

However, one interesting trend sllw^^ ^ noted. The 
relationship betweeh the number of in-house courses 
completed during the half-life period and subseopent per- 
fomwnce tums positive, although still insignificant, after 
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Figure 1.— Cross-lagged Correlation Analysis for 
In-House Course Participation and Job Performance 
Ratings. % 
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controlling for A^egative correlation beN^n early 
performance anrfcourse participation during theh^lf-life ^ 
period. Tliis suggesi^ts that perhaps certain types of in- , 
house courses are more effective than others but the im- 
pact of any one type is obfusc^ated by aggregating all 
in-house courses. There is evidence that in-house courses 
^ have differentiar effects. Performance decreased ov^r a 



T) ' • 

fouf-year period among R&D professionals who took 
in-house courses that were longer than 20 hours duration; 
those taking shorter coufses improved their performance 
(Kopelmanr 1977). It was suggested that this difference- 
may be more a reflection of the objectives of the par- 
ticipants rather than^ the courses themselves. These 
taking long courses may be doing so to remedy a genial 
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deficiency- 4nr tBeir knowledge and skills whereas the 
shorter courses may be taken to acquire specific skills 
that can be readily applied to the job. ' ^ 

The implications of the above results are not only that 
it is necessary to evaluate courses by mode but also by 
the objectives of pailicipants. Fdr exampje, those who 
enroll in the longer in-house courses may have career- 
oriented objectives that would not be reflected in iip- 
mediate improvement of performance but rather inlong- 
term career growth. Hence, the need for longitudinal 
sttidies to investigate the impact of CESE on the careers 
of scientists and engineers is quite clear. 



CESE AND TURNOVER 

-1 ] 

Although turnover of personnel is not a direct measui'e 
of performance, it may be an import«m criterion of 
CESE effectiveness for at least two-reaso^. First of all 
high turnover is an index of poor job satisfaction which 
may affect perfosmance. Secondly an organization's in- 
vestment in developing its scientists and engineers is 
completely lost if they leave: 

As we already noted, there is evidence that participa- 
tion in educational leave programs is related to longer 
subsequent service ^nd the same was found to be'true for 
R&D ^personnel who were supported by receiving 
reduced-time at work in order to continue their education 
(Renck, 1969)^ A survey of cony)any tuition-aid plans 
foqnd some firms reportii)g ''that a^employee's partici- 
.-pation in their plans improves their chances of retaining 
WSservices" (O'meara. 1970. p. 109). 

However, an unpolished study carried out by the au- 
thor in one company found that engineers who took ad- 
vantage of the tuition-aid program to complete their mas- 
ters degree did^initially tend to stay longer with the com- 
pany, but ultimately their turnover rate was higher than 
for non-participants. It is possible that length of service 
is increased in the short-run because of a several year 
commitment to complete a master's degree. However, if 
following ^onjpletion of the degree the prospects for ad>^ 
vancement or more challenging work are limited in the ^ 
company, the individual may look elsewhere for suet* . » 
growth. In fact, a study^ in-house toining revealj^tfia? ^ 
those who left their companies after completion of the , 
training did so because their advancenT^m possibjlities 
^ and job assig'ncnents did not work out as expected » 
(Habbe. J963).* Hence, support for CESE fnay^mulate 
turnover in the long run. particularly when *organiza- 
. tional rewards ^r participation are not forthcomirtg. 
However, if th^ganization does n8t provide adequate 
support for CESE, the most competent arej^kely to leave 
in order'to continue their education (Hemplull, 1963:|. It 
is clear that more research is needed to determine the 
impact of CESE on turnover, particularly the role playedv^ 
by 'the organizational reward system'. 



CESEAND UNEMPLOYMENT 



Involuntary turnover in the form of T^offs have 
' periodically plagued scientists and engineers but there is 
consistent evidence that participation in CESE may en- 
haneejqjb security at such times (Kaufman, forthcom- - 
ing). A study of 125 engineers l^d-K)ff by a large divi- 
sion of a major coipbration revealed *'one interesting 
constant' among all — not one had'^taken any form of 
extracurHcular education in the past six years'' (Davis 
and Koerper, 1965, p. 14). Perhaps the most clear-cut 
evidence comes from a study of layoffe of R&D profes- 
sionals from eigl^ firms, where it was found that those * 
with advanced education, "^particularly an M.S. degree, 
h^d the least likelihood o£ losing Uieir jobs (Thompson, 
1972). * . , 

$^oi only do<rs CESE appear to enhanceorjob security, 
but even when job loss does occur, having advanced 
education, especially at the masters level, has consis- 
tency been found to enhance reemployment success / 
(Kaufman, forthcoming)! However, little research has * 
been carried out to determine whether CESE subsequent , 
to layoffs has any impact on reemployment sficcess. Al- 
though the issue of CESE and in particular retraining, for 
scientists and engineers who cannot find woiic in their 
field, is beyond the scope of this pa^r, it is a crucial 
problem that will demand more attentUn as the *Th.D. 
glut'' become^ more serious and an increasing numb«"of * 
science and engineering graduates settle for under- 
employment. ^ 



THE ROLE OF NSF JN JHE ASSESS- 
MENT OF CESE 

The research that has been caOQcd out relevant to the 
assessment of CESE has raised m6re>i|^estions than it 
has answered. Nevertheless, it is these unanswered ques- ' 
tions that have stimulated the folfpwing evaluations and 
suggestions regarding the role of NSF vis-a-vis the as- 
sessment of CESE: . 
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L NSF Support for elSE Assessment : - / 

Emplo^rs dnd universities a££|enerally not involved ' 
in the assessment of their CESE^ograms fl^spile .their 
considerable allocations ^f- re^urce's toj^develop and,^ 
maintain them. This lack of a^|nF>^t of€ESE:fiiayie7 
a case of apathy, or lack of interest as has been suggested- 
by some (Reftek.^ 1969; Smith.* 1973). Or perhaps^'as- 
sessment would be too threatening to the vested interests 
•f many training and development diractors apd univer- 
sity administrators. Alth^H^ these arfe plausible expla- ' 
nations, perhaps the most irh^ortant Oarrier is that ^- ^ 
sessment of CESE not only require^ the investment of 
resources but also' expert knowledge o^valuation re- 
search. Some organizations i^Vqlvedlie^s^ily with CESE 
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have both but others may not. One possible approach 
that N§F could take to sjtinmlate assessment w td^i^ire. 
an evaluation of the effectiveness of NSF funded CESE , 
programs. By making such assessments mandatory, it 
will be possible Jor the first time to evaluate the effec- 
tiveness of CESE on a wide scale NSF louU also allo- 
cate research funds speufitalh earmarked for assess- 
ment of C£S£rTbis could complement mandatory's 
sessmentj but would pla^e greater emphashs on adequate 
research design including i|ie use of control groups ' , 

2. Priority to Longitudinal Evaluations of CESE 

.It is clear that in order to study CESE adequately. 

'longitudinal research is necessary. In fact.* longitudinal 
evaluations have recently been identified as one. of the . . 
three most pressing research ne^s in contiriumg en- 
.gineenpg education (Gnffith. 1975) Nut only is it desir 
able to be abl^ |o determine what 'the immediate effects 
of.CESE are in terms of performaiKe. bul^so what l>pe 
of impact It hai> oti the individual's care'er" Different 
types of CESE^may be more effective for certain career 
stages than for others and only longitudinal t^pes^of re- 
search would be able to detentiine this, Bf giving priority 
to longitudinal studies^ SSf wdl thereby^ entourtige a 
long- neglecte4 but ^muth needed area of research 

^ fio^-ever, meamn^l results vmU be forthtoming unly by 
NSF commitment to projec ts of adequatt-duratii/n. ^ 

3., Development of Criteria for CESE Evaluatron 

It is clear that'individual.objectives irt CESE participa- 
tjorTtdiffer and'any.evaluauon research must take into 
account. these objectives and the degree to which they 
have been attained CESE by objectives tould be one^ 
approach to devejop cntena by which to mee.sure course * 
effectiveness- ^vSlualions^c^ this type using behavioral 
and course-content objectives have be5n reported to be 
quite .successful for asses^ng in-housc progr^m-s 
(Cantwell. 1976)^ Evaluation catena could also inyolNe ' 
return oo investment iROl) or cost benefit anaiyses. 

* However, ejpenence in using an ROl approach shows« 
that when the evaluation instruments are too. costly ui 

^terrns of time or difficulty in collecting the data, even 
organizations that were initially willingxto cooperate in 
the evaluation of CESE become discouraged and are re 
luctant to continue. (Morns. 1976. Moms. 19^7)* 
J^^erefore. if the evaluation instruments are to be very 
^l^aborate. commitment to their use by pani*iipating or 

tganjxations mu^t be ascertained pnor to N'SF funding 
One altemativ^'is use a less eUbor.ate techfuque for 
asspsmerit It is quite possible that using a relapvely 
Simple a^J^rojach in assessment may be almost as effec^ 
tive and vnore^^ifricient than one which is complex 

' Also based on discussions with Johrt A Cant^^cll Sandia Cnrpo 
ration. AJbuqfierquc. Nc>*« .Mexico 

• This conclusion is also based on divrusAion^ * ith Albcn Vioms ot^.^ 
Gcocsys System^ \fic, Palo Alto, California . . 



However, it is also clear that using existing performenae 
ratings have a limited' usefulness since they may be 
measuring only o|ie a^ct o^ CESt impact and are more 
relevant for certain objectives than for others It is clear 
that much closer attenuon must be paid to the criteria 
u^ed for evaluatiori Thefy shpuld be reliable, valid and 
acceptable to users The importance of acceptability can- 
not*be overstressed6ince even the mo^t reliable and valid 
measures become totally useless if/prganizations are re-, 
luctant to use them The de\elppr^nt of such criteria for 
CESE evaluation should be Included as one aspect .of 
ffSF sponsored research in C^E. 

4. Require Base-line Measures^of Individual Differ- 
ences * , ' 

S%ice it has been am{)t>4emonstrated that those who^ 
enroll iil university sppnsbred courses are quite different 
frora In-house course .panicipants (Kaufhian,. 1974b; 
Xaurman. 1975a). any assessments' of CESE must not 

~ pri1>y evaluate the impact on different types of profession- 
als le g scientists versus engineers, younger versus 
older, ^tc ) but kho should take into account t^e-line 
measures of individual differences Although controlling 
/or competence using test scores did not make a great 
difference, using prior performance appears. to hold 
much promise as one 'way to obtain base-line measures 

' Any CESE e\aluatidn research sponsored by NSF should 
require specification of appropriate base-line measures 
for indtj^idiaul differenc^^* ^ i 

5. Assure GeneralizaJbiUty'of Results 

Pne of the major problems eviSent in the reseanfh 
reported in this* paper is the general izability of the re- 
.*sults. Most availabl^e research of CESE has aggregated 
all engineers or. even worse, Scientists and engiiteers 
Since en'gineer'sMn different functions and scientists in 
' different fields are likeiyjp^have differeht updatmg fieeds ■ 
- H.Mali. 1969, Jkit((. 1968K.it is difficult to generalize 
about CESE Jn specific fields from studies that have* 
aggregated their samples. Therefore, it v^ould be~desira- 
ble that CESE re sfarch^ sponsored by NSF specif the 
populations of'^cientHts or engineers to \^hich the results 
i\ould be appluabCe As^was clearly demonstrated, the 
impact of graduate courses was quite different in ea*ch, 
organization but that of in-house courses was repjica^ed 
in all This P9iats out the need for replication in orde^ to 
assure generalizability of results. Hence, CESE re'search 
sponsored by NSf shoiild require designs tftaj will per- 
mit ne plication. 

" 6;* Assessments of Work Environment 

The factor that fiad the greatest fmpact on the relation- 
^ ^hip between graduate course-taking and performance 
was the organization. This corroborates the findings of 
other research which has found that the work environ- 
ment and organizatiotial climate are crucial factors in 



/ stimulating and rewarding CESE (Kaufman, l'975a; 
, Margulics and Raia, 1^7). Over a decade ago research- 
ers made the following plea cpnceming the crucial role 
of organizational climate in CESE asseissmentT 

. 'nie development of adequate procedures to assess the 
J effectiveness of .formal programs InTWmMitjncreased 
utilization of the organization's and the nation's man- 
power resources is a pressing need Kthe climate van- 
ables are'in fact crucial in the learning process, then a 
*• ri^eans of identifying them and assessing their impact 
- on ameliorating the proble;m of growing technical ob- 



solescence shoui^ be a major concecn (Margulies and 
Raia, 1967, p, 48). ' ' 

(Apparently this plea has gone unheeded but it need not 
continue to be. An assessment of,orgd9tttauonal charac- 
teastics that affect the impact of (^ESE should be one of 
the .areas of research supported by NSF. In fact, the 
redesign of the work environment appears to hol^ the^ 
most promise in enhancing professional, development 
wfiile at the same tm^ helping to mairftain organizational 
vitality (Kauf^pan^ 1974a). 
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PREFACE 



This report responds to the requirement, of the 
explanatory statement of the»House-Senate Conference 
Commit!^ related to the National Science Foundation 
Authorization Act of 1977, for a report on continuing 
education in science and engineering including. 

a. recommendations for implementation in FY 1978, 

b. analysis of information on the employment and 

•aPrailability of scientific,* engineering » and 
technical manpower; 

c. aft assessment of the extent to which a federally- 

supported coptinuing education program could 
alleviate unemployment and underemployment 
among scientists and engineers and lead to the 
greater application^of their skills to the solution 
M of prQblems the nation is facing in areas of 
civilian sciencd and technology. 

Ihis report vvas prepared by fhe staff of the Office of 
Program Integration of the Science Education Director- 
ate. It IS based on a review of the literature,, inpui 
received from other NSF staff members, and fnpui re- 
ceived from a pi>bhc jneetmg of national experts pn the 
problems of continuing education held at the National 
Science Foundation on December 13, \916. A summ^ 
of the meeting.is appended to this report along with a list 
of participants and observers. The National *^cience 
Foundation is grate^iil for the contnbutrons of all these 
individuals. We are also indebted t(S Gene Dalton, Utah 
State University, Samuel Dubin, Pennsylvania Stale 
University; Richard, Freeman, Harvard University, arid 
Finis Welch, Rand Corporation, for informal comments 
made during the preparation of this report. The National 
Science Foundation is, however^ solely responsible for 
any errors, findings, and interpretations. 

We intend to conduct additional studies whicji we will 
btf' discussing with congressional st^ff. 



EXECUTIVE SUMMARY ^ 

The need folr continuilig education in science and en- 
gineering stems from professional or technical ^ 
obsolescence — the outdalin^of technical knowledge and 
resuftant toss of job skiRs among scientists and en- 
gineers. Obsolescence is caused primarily by the rapi^ 
growth, of knowledge and appears to be related to aging. . 
There is evidence th*at on the average individual per- 

' dj^^cc among technically^trained personnel peaks be- 

. t^Cage 40 and declines steadily troreafter. There is, 
however, great variability within age groups. # ^ 

The ob^solescen^e phenomenon is complicated by or- ^ 
ganizatiohal, personal, and occupational factors. Job^as- 
signment, opporiunities for interaction with stimulating 
colleagues, organizational reward systems, and indi- ' 
vidual motivation are all significant* factors ret&ted to* 
obsolescence of scientifsts and engineers. „ ^ 

^Because of the obsolescence phenomenon^ ilrajnte- 
nance of the quality of the stock of Human resources in 
science and engineering may be a significant groblem. * 
,Co;itinuing education is frequently prescribed as the 

/solujioif to the problem of .maintenance" of quality bf. 
technicat personnel. It takes^ many forms ranging from 
inform^ activities in the work place to formal courses in, 
universities. ,* 

Continuing ^ducatioi) is^ a widespread praqtice. X re- 
cent survey 'showed that almost 40 percent of a national, n 
sample of scientists and eilgineers took part in 
supplementary training programs during the jtwo years 
immediately preceding the survey. Almost half of 4ha; 

,suppkmentary*training was of the on-the-job type. Be- 
cause of the great variation in the nmre\na scope of 
continuing educatiofi^th^ inve&tmenjSi^l^ itis hard to 

• measure. However, one estimate, is thaPvusiftpss and* ' 
industry s{)end SI 7 b\\^pn annuall5^ oil contipwog educa; 
tion of all typfes. . - I ^ * 

Assessments of the effectiveness c/continuiAg edufa- 
tiort are mixed^ In particular, cdbrats alone do iot appear 
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to be an effective remedy for the problems of aging and 
obsolescence. This is in part traceable to the organiza- 
tional, demographic and persona! factors eited earher. 
. Given this background , the basis forthe program p!an 
^ presented for FY 1978 is established by roughly measur- 
ing general program strategies for contmuing education 
open to NSF (support for individuals, support for institu- 
tions, research, and de\plipment) against four cnteria 
tor program design lsignificance, NSF ro!e, feasibihty/ 
readiness, and cost effectiveness) The argument for an 
NSF role in continuing education for the academic sector 
«leems xleai b^sed on the four criteria, which leacfc to 
pro'grams for^?^lege and high schoo! teachers? and for 
support 6f incentives, for coMeges and universities to 
improve their organizational capabilities for maintaining 
'the quality of their faculties. 

The Federal role in supporting continuing education * 
for' industry is warranted wheh three conditions hold: , 
J Individual workers, firms ar industries cannot cap- / 

ture all the benefits from investments m con- ^ 

tinuing education or training 

2 There is a reasonable probabilit> that Federal pro- 

grams will be effective 

3 The costs of the Federal pjfogfams be^«a reason^- 
> ble relatioa to the expected social beftefit^. 

Our analysis indicates that it is. not known whether fhe 
conditions hold. Accordingly , our program plan f®f con- 
JlUjHng education in* industry emphasizes research and .1 
development In this wa> , "we expect to ^lanf> the extent / 
to which the concJiHons hold, what the needs are, and toy 
expfcre alternatives. • * ' \ ' ^ 

We find that unemplo>ment raies/or S(iientists and ^ 
engineers have* been significant!) i^, than |he rate for 
the total Jabbrjorce. While estlmate^var> somewhat, sf 

, recent. esumate shows that-less thW 1 percent of dcKto- 
rate scientists and engineers are^u<i^mplo>ed. Whentin- 
emplo>nlent rat^are compared with suppl> and utiliza- 
tion prejec.ti6ris a question does anse. about possible 
undarem{)lo>nient — underu{ili^ation of skills-^f scien- « 

^ti&tS' and ^ 4 engineers Ther^ ls * evidence 
"credentiafljng* '-^increasing .education prerequisites for . 
job^is occurring. However, jt. is not cjear to what 
extent upgrading— Changing the n^tuje and cofttei}t - 
jobs 'to be ct)mmensiKate witb the prerequisite 
training— IS occunng. Thus,"it is not cl^ar whether thefe 
is a problem of underemployment ' "* 

On the basis of previous expenenoe. especiall>' wiih 
retraining *and career redirection of ,unehip1oyed aero^ ' 
space wprkens in the early 1970's. it does no| , appear th^t 
continuing education is effective in dealing with' 
unemploymenVuncferdniplQyment unless there is assur,- — 
ance that sucji training will lead to reemployrrtent or 
assurance that society will support new kinds of, 
employment opportunities ' >^ / 

The Problem t ^ 

The neetj for continumg\educati6n in sciene? and en-^ . 
'gineering stenis.from professional or technical obsQles- 



cence, which we define as the degree to which profes- 
sionals lack up-to-date knolwedge or skills necessary to 
maintain effective performance in their work roles.' 
Studies^ trace the root cause of the problem to the 
growth of knowledge and information. One reason why 
the obsolescence phenomenon- 15 becoming of greater 
interest' today is that the rate of knowledge growth is 
accelerating. One estimate'* shows that it took 20 years 
for the technical information the chemical engineenng 
class of 1935 received in cojlege to become obsolete. But 
the tect^nical information the class of 1960 received took 
only five years to do the same. According to this esti- 
4T}ate. ttie information received by^the class of 1970 is 
already g^solete. 

The rate of obsolescence amq|tg professionals appears 
to be related ta aging as well as to knowledge growth. A 
recent study"* of 2500 engineers in six technology-based 
companies found that individual performance among 
techfiicail) trained personnel peaks at an earl> age and 
declines steadil) thereafter. While the general phenome- 
non LS not new (and of course does not affect everyone), 
th^gp at which this is happening is faJling. ' 

The obsolescence phenomenon is complicated* by or- 
ganizational, personal, and occupational factprs. On the 
organizational side, dull jobs, isolation from stimulating 
colleagues, and a poprjeward system can all stTfle vital- 
it) *among professiorrals ^ A poor organizational climate 
reduce motivation to mafr^tain an approf)riate skill level 
^The social costs of obsolescence are high Either the 
organization stagnates or individuaJs must be replaced 
prematurely at a personal cost and the loss of their and 
society's investment jn their training. In academic in-_ 
stitutlonV the effect dlf obsolescense may be multiplied 
because students are inadequately prepared. The indica- 
tions, discussed below, ^ that tfie educational system is 
entering a "steady state" will exacerbate the problem b> 
slowing down the replacement of personnel 

What follows is a discussion of supply and utilization 
projections of science and engineenng doctorate holders, 
and the cha^actenstigs of all U'.S. scientists and en-' 
gineers 'TRis discussion le^ds to generalizations with 
which we end this secticin During most of the decade of 
^e 1960 s both supply and utilization of science , and 
engineenng talent Were growing sharply. Toward the end 
of the r960's, we beglin to see signs of oversupply 
Recent projections made by <he National Science Foun- 
datioti' indicate Uiat between 375,000 and 400,000 sci- 
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ence dxid engineenng doctorafe^ would ^ avijabje to Oie 
yjS: economy in 1985, comp'aftd to about 295,000/ 
available posit^onOn science and engineering-related 
activities. These projections are shown graphically in . 
Figure f. Recent pibjeclions*of the . Bureau of Labor 
Statistics* estinrikte that 13.1 million college graduates 
will enli^ the labor maPket between 1 974 and 1 985 while 
thej^ wil}"be only 12.1 million job openings requiring a 
college degree over' that period. •The* latter includes an 
estimated 18%^^ the op€;nings comifig from increasing 
educational pr^reqlrisites foi* jobs pot fojirterly requiring . 
a college dcgnce. • * , 
. In^'comparison to previous studies,- current ones show^ 
that the oversuppjy is increasing. The same'^picture of 
bvcrsbpply emerges from ojVr studies:^ academic • 
careers fornew Ph. 6. holcijprs will be difficult to-^btain. 

Occupational hrojfctions and Training Data. BLS Biflletin 1918! 
U*S. licptmncat of Labor, Bureau of Labor Suuitics, 19^6/ 
V^* R. FUdneret ai» De^iand and Supply in U S Higher Education, a- 
report pibpared fof the Carnegie Coitirtussion on Higher Education 
(New Yoric:McGraw-HiIL 1975).'^- . ^ ' ^ 



Figure 2 displays chara^teVisficsrof all U,S. scientists 
and iengineecs in 1974, notiust doctorate holders. T^is^is • 
based on an iN$F study which shows that the Holal 
n^pulation of scientists and engineiers in the ^United 
-iijates in, the spring of 1974 wa^-QstiAiated to ^be 
1 ,97p,K)00; 900,^ seientisis and 1,070,000 engineers:, ^ 
Although the population of scientists in 1974 was nearly, 
•^ualthat of engineers, 'their representation iti the,3/E-, 
labor force was considerably smaller; about 94 percent of 
all engineers as compared viHth l^s than 75 percent of all 
scientists. "^As a resul^, the S/E^^Iabor force, which* nufh-'^ 
bered 1 ,680,000, consisted, of^ 3 engineers for every 2 . • 
scientists. The reduction dn the proporti6nl)f scientists in 
the S/E labor force as compared with that of engineers^ , 
c^an be attributed i6 a' number of factors inpllidjng (1) the 
larger proportion-of sdentists who defer entrance into the * 
•UtJor' force while puiis^iing postgraduate -studies, (2> a ^ 
greater acccptipice o^j^ bachelor's dcgrccSn engineer- 
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Figure 2.— Characteristics of U,S. Scientists and En- 
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ing as the profesi>ional qualifiLation for engineers than is ' 
the case for a similar degree m science, and (3) the large 
numjjcr of women jn the total population of scientists 
(over 22 tiipes that of \lomea engineers) who elect not to 
eqter the labor force either because of fewer job*.oppor- 
luniXies or to pursue homemaRing careers " 

In 1974 the distribution of seiennsts'; by age\ was 
considerably different from that of^cn^ineers. The pro- 

• portion of scientists under 3ff*years bf |ge, for pxample, 
was almost twice that of engineers. >rom age 30 the 
proportion of scientists in l^h ^uec^ssiv^ly older age 
group declined steacfily. Engineers, on the other hand« 
disjrfayed a dissimilar age .pWile The proportion of en- 
gineers \f\ age gfoups^from 2>-29 to 45^9 is relatively 
constant. This difference may be a^^poiinted for, in part, 

\ by the greater stability * the Supply of! engineer* versus 



thai of scientists over the pas.l two decides arid possi^yf 
in part by less movement to occupations outside thejff 
general field by engineers, , • . * *' 

Scientists and engineers also show stibstantial differ- 
ences with respect to educational attainmfem^Tlj^pVopor- 
tion of scientists with graduate degrees,Ttor.exampl^j,f* 
was twice that of engineers. A very lar^e fjiction of th^is 
difference was accounted for by those individuals who* 
obtained the Ph.D. Thus, while about one-fifth of both 
scientists and engineers held the master's degree, more 
than 1 scientist in 4 had earned the Ph.D. as contrasted* 
with about 1 in 20 among engineers.. , 

The age distribution of engineers inaicate$ that ob-^ 
solescence may be a concern for that group. While the 
age distribution for scientists look better, the proportion 
of doctorate holders in that group and a finer-grained 
brealgdown of supply-utilization projections indicate that 
colleges and "universities will face problems of aging 
•faculties in the future. 

In' summary,. the phenomenon of obsolescence^caused 
by knowledge p^owth and intensified by organizational, 
idemographic ai)d supply-demand factors has created a 
^ significant probfem: the maintenance of the quality of the 
stock of human resources in science and engineering. 
The separate problem of unenjployment and under- 
enriployment is discussed more fully in a later section of 
this report. '* ('^ 

Continuiiig Education \ 

Continuing education is frequently prescribed as a 
solution to the problem of maintaining the^uality o^^ 
performance of scientists and^engineers. In Xnis section ' 
we c;pnsider various aspects of continuing education in- 
clu(}mg, target audiences and the nature and extent of * 
» coniiniRn]^ education, AVe conclude with a discussion of • 
some problems ancLa- rough application of some criteria 
to. possible program strategies. 'Tl>is establishes the 
rationale on whfeh our program plan for continuing edu- 
<2dtion is bas^d. . » * ' 

For the purposes of this'^report ^'continuing educa- 
' tion*' is defined more narrowly" than the popularly Jield 
LOricept/^ecause we are conccyried with t^|p*knowledge- 
intensive occujJations of science and engineering, our 
discussion will be limited primarily to the post- 
baccalaiir^ate level. 

The entire target group is readily separated ifito two 
major componentsf those employed in academic institu- 
tions, and those employed by nonacademic (primarily 
* Industrial) organizations. Withm academia, the organiza- 
tional structure of institutions of higher education^ makes 
It relat»/ely simple' to distinguish betwf^en ** scientists'*^ 
and "engineers." And even jthough there are many in 
both letegories w^o are engage^ in both teaching and 
res^tfch, one might cQnsi(lei;^eachers** &d **rese^ch- 
ers" separately. From the poiik of view ^f^OTitinuing ' 
education, however,-sbys custopary to separates those 
employed in large, reseirch-ori^nt'ed, graduate-degree- 
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Figure 3^ — Nui^r of the 1970 sdence^nd 
engineering labor force> by supplementary 
training received: 1972 and J1973 
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granting institutions from those in tWo-yeai^r four- year 
institutions where there is less (or no) emphasis on re- 
search aod' more (or all) emphasis on teaching. A sub- 
category within academia comprises elenDentary and sec- 
ondiry school teachers of science. 

In the nonacademi^ sector, the siu * 7 viitferent. 
Here there tends to be no clear line of demaniatien be- 
tween sciefitists and engineers. It j^, however, useful to 
recognize certain other differences: differenced between 
* Marge" and**smair' ^oinpanies,the position of **high** 
and ^* low** technology, employers (or emplayees), and 
the dijCfering4ieeds of those located in^urban areas where 
there are mcely to be concentrations oT academic institu- 
tions from^^ in other areas. The continuing education 
needs 6i these groups and the mechanisms required Xo 
respond to the needs ar^ by no means the same. 

Even a cursory examination of practice? in continuing 
education shows that it {akes many forms. It can be 
training offered in the work place or in universities. It 
can be pM-time or full time, formal or informal. Profes- 
. sional organizations of^er numerous workshops, semi- 
nars, andcpurses for thejr members — usually in conjunc- 
tion with ^he^uled meetings. Community colleges also 
offer continuing education courses for scientists and en- 
gineers, typically irt cooperation with a local professional 
society or company. One estimate" is that business and 
industry spend $17 billion^annually on continuing ^uca- 
tion. • . . 

A recent NSF survey"* showed that almost 40 percent 

" Kaufman^ op cit. 
" Science Rcsojirccs 
Science Foundation, 



of tlfe national sampljc of scientists and eri^in^^ took 
part \fi supplementary training programs durin'g 1972 and 
1973. Of those receiving supplementary training aboi^t' 
48 percent reported it to be of the on-the-job type and - 
over 40 percent enrolled in courses at employer's train- 
ing facilities. Extension or correspondence courses and 
courses at adult educatio^ centers .were undertaken by 
about 20 percent of those receiving supplementary train- 
ing.* These marked preferences show that* oif-the-job 
tr^niftg appears to be the most effective way <b get 
continuing education. The relative participation in the 
various types of supplementary training remained almd^t 
.constant over the 2-year pei^od. Thesejaata 2^ displayed . 
in' Figure 3. L- , 

C^r planibr continuing education Aakes into account 
four- elements: content, delivery, impact, and persis- 
tence. Content and delivery are primarily input 
considerations .while impact and persistence are signifi- 
cait proBlems in relation to effecfs of oUQ)uts, C.ontent^is 
the easiest problem to solve becj^use^ universities "and ' 
{my^te educational malerialsitfrns are currently able to 
develop courses and curricula. Mode of delivery is also a 
relatively^easy problem although there may be some . 
trouble in matching modes and specific needs. ^is trou- 
ble arises in part* from ihd impact and!, persistence prob- 
lem§ as will be discussed below. 

With regard to impact,^ there is evidftnce*f that the , 
usefulness^ of university courses for updating all.profps.- ' 
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sionals may be limited because ihey are avoided by those 
who could profit the most. More.over, pidny organiza- 
tions do not provide the chmate that wogid encourage 
their professionals to continue their education, even if 
they are self-motivated.'.^ One study of 2,500 engineers 
in SIX companies found that there was no, correlation 
betypt^en performance rankings gf engineers and continu-. 
mg^ducation courses taken. Moreover, the seriousness 
of a CQHDpany 's obsolescence problem was not related ta 
the nun\ber of dollars spent on proviwng continuing 
* educjttion. . , - ^ 4 

The problem of persisten(?e of continuing education is 
related to organizattonal^factors. Organizations are more 
prone to accept and exploit an individual's independent 
efforts at tenewaf and growth than they are to encourage 
aftd guide such efforts.'* Such encouragement as there is 
is often sporadic and ambiguous. This is true for 
academic institutions'^ as well as for industrial organiza 
tions. In fact, many writers beheve that the work envi 
' ronment plays the crucial role in determining the degree 
to which obsolesce'nce occurs With increasing age.'** This 
belief is reflected in the recommcfndations'^ for obsoles- 
cence deterrence measures in both academia ^nd indus-' 
try. . ^ 

. There are four strategies that NSF might consider in 
approaching continuing education:' support for individu- 
als (fellowship^, short courses), support for institutions, 
.rese^Fcfl^nd development Each strategy can in tum be 
cNisidered in relation to either academic oc. industrial 

. pei^pnnel. giving a totJil qf eight categories. The easiest 
IS providing* opportunitie^f varying duration for self- 
motivated individuals to participate in education Jfro- 
grams. We have the most Experience with this type of ^ 
activity and,* in dollar terms, it is the largest part of* ou^ 
program plap.- It tis' easier ip ji/stify l^uch support for 
college and uniyef^ty* faculty membeji^s-^than for scien- 
tists and engineers in private industry^ Th is js argued in 

^ the next sectiqiVof the papej. ' V -i ' 

A number-bf large companies (e.g.. Xerox, General . 
Ekcjtri'c, Bell Laboratories)- with ,ampt resources to ce<^ 
train their own employees have devBlope<^ rather sojmis-** 
ticated approaches kx the obsolescence problem i^t lur- 
ing estahlishmer)t*of their own schools dpA c<k>perative ' 
programs wifh universities Such organiiatio/is (Jo not 
need the help of the Federal Gdvemment. 
-/Because smajl and medium-sized. industrial organiza- 
tioifTtannot easily develop schools of their own, it h 
believed tl^it th^y might benefit fr^m local or regional 

t^cooperativd efforts with colleges and univej-sitie^. . We 
might consider providing incentives fiww^uch orgahiza- 



Kaufmaw. Qbsolesc^nce and Prof^uonat Develvpmerif. p. 13^ 
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^ "A W Aftin. ct Faculty Deve{gpm£nt tn o Time of Retrench- 
^m^/H. Chairgc Migaiinc. New Rochcllc, New York. "^"^ 



tions to develop obsolescence deterrence program^on- 
cJuding university-industry cooperation as a component. 
Greater and firmer commitmeilhfrom local corporations 
IS a necessary preconditiQn to ifcre^Wfective university- 
industry cooperati6n. On the o^er hand, the initiative 
can come from either i^de, industry often needs to be 
convinced that.such plans are indeed feasible. 

Finally, giyen the * 'steady state" that academia .is 
entering, it may be desirable to provide incentives for 
colleges and universities to develop internal systems for** 
'faculty development rather than rely exclusively on indi- 
vidual striving for recognition tp motivate self- 
development^ College and university faculty might also 
benefit from opportunities to learn more about the needs 
of industry and preparing students for non-academic 
careers. ^ 

In atfempting to determine an appropriate mix and 
^level of strategies or programs, the Science Edifcatibn 
Directorate oKnSF applies a number of criteria including 
the following ones. 

1- Significance to science education. ^ 

2. NSF role: Whether the need is one which should be , 

met by the public sector, whether there is a 
comparative advantage in meeting this need at 
the Federal level, and whether NSF is the ap- 
propriate federal agency to undertake the ef- 
fort. * 

3. Feasibility and Readiness: Whether the govem- 
- ^ ' ment Has the resources to meet th4 ne^ed and 

whether the technology, knowledge, finances, - 
or personnel resources are available in the field. * 

4. Cost-effectiveiie§s: Whether the prospective be- 

nefits of meeting an identified need are sig- 
nificant in relation to the co^ts the resot!i^c& — 
required. ' ' i ' 

What follows is a roug|i application of these criteria to 
the aforenientioned strategies. The discussion is summa- 
rized in Figure 4. 
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need 



1974 



mgnt. <,i 

V Kaufmaif. Obsolesg^nce and'Profesuonal Development 

^. W Astin. elfaJ. op, cit^. KauHltan. cjp cil . Dubin. op cil. 



The significance or need criterion can probably be said 
to be met, in gbneral, for all the strategies on t\ie basis of 
the discussiog, in the precedfng section of this report. 

^NSF^ole": ^ f * . 

'^The Fgdieral Govemmenr is a principal monitor and,a 
, majpr user of the*^ output from the knowledge sector. ^ 
There is.a natural Federal concern about maintaining and 
upgrading the skiMs of scientists and en^neers. The NSF * 
has a long traditi^ of continuing education support for 
thesacademic part of the knowledge sector. Currentness 
in research and educational skills is one of the basic 
prerequisites of knowl^ge generation. Clearly, the Fed- 
eral Government and society as a whole capture somepf \ 
the benefits of this currentness, and some of the costs^^ 
should therefore be paid for by the Federal Government. * 
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Figure 4.— Rough Measures of Strategies Againsl Criteria 
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The business and industry part of the knowledge sector 
hav&perhaps'been more sensitive to the* need to maintain 
productivity and avoid obsolescence. Business and in- 
dustrial organizations^ have clearer* market signals about 
potentially declining pe^ormance than do academic or- 
ganizations. Industrial training programs and institutes 
prplif^r^e. The Xerox program based at a campus in 
Leesburg, Virginia, is one example. Maintenance of 
quality of the work force is part of the cost of doing 
business. Therefore the Federal role in supporting con- 
tinuing education for industry is limited to qu^e special 
circumstances. Such programs would l)e warranted in 
general when the following three conditions hold: 

1 . Individual workers, firms or industries cannot cap- 

ture all the benefits from investments in con- 
' tinuing education or training. , 

2. There is a reasonable probability that Federal pro- 

grams will be effective. 

3. The costs ojthe Federal progranjs bear a reason - 
• ' able relation to the expected social benrtts. 

do rjpt know firmly whether these conditions' hold. 
Interviews with individual leaders for Science at the 
/Bicentennial suggest that we should beginao assess the 
need fot some additional Federal activity. NSF's De- 
cember 1976 report on NSF-industry relations suggests 
exchange programs betwee^ii universities ind itidust):y as 
a>(nechanism of information transfer. Clearly,' there are 
effects on skill levels and obsolescence as well. The 
program plan pressed below calls fof research in this 



area aijd for experiments iri university-industry coopera- 
tion specifically oriented toward cpntinuing education. 

Feasibility/Readini^ ^ t 

We believe that the feasibility^eadiness criterion is 
met for (Provision of continuing education opportunities 
through fellowship and shor^ courses for coUegejtad high 
school teachers and for instructional support of colleges 
and universities to provide incentives for those institu- 
tions to improve their organizational capabilities for 
maintaining the quality of their faculties. We have had a 
great deal of experience with these programs and believe 
we knt)w how to operate them effldently, flowever, 
cost-pffectiveness consideratiojis, dhcussed belfew, 
argue for reasonable dollar limits on such programs. ' 

For reasons discussed earlier, the feisisibility and readi- 
ness criterion is not adequately met to justify NSF sup- 
port* for delivery of continuing education to scientists and 
engineers in industry. This. is so because the dynamics of 
the problem— particularly the organizational climate 
aspect — are not well understood. ^ 

Cost-Effectiveness 

In the earlier discussionof impact of continuing educa- 
tion, it v7as indicated l^at there'is reason to believe that 
the usefulness of univei^ity courses for updating faculties 
may be limited 4)ecause they are avoided by those who 
can profit the rtost. This sort of consideration combined 
with the persistence problem discussed earlier leads to 



ERIC 



^B3 



9 ) 



J 



bounds on program sizes as indicated in Figure 4. These 
^same problems do/:all for research and development^ to 
identify new^^trategies for ^'nimuing education of 
^cademic personnel ralker than expansion or reinstate- ^ 
nent of old strategies. ^ ' ' 

These considerations result in the posture "reflected in 
our program plan. It calls ftr nfoderale support for con- 
tinuing education of individuals and institution^ in the 
academic setting. It also calls for research to improve the* 
knowledge base and for development to test experimea- 
tal' strategies. We believe this posture is consistent with 
our analysis of the problem, input from consultants, and 
the recommendations of the workshop of eight experts 
we convened in December, 1976. 

r ' > 

^ Program Plan 

The program plan and budget for continuing education 
is shown m the following table. 'Essentially the Direclo 
. rate proposes to spend SI0.5M* in 1978 on continuing 
education of all types^This is about 14 percent of the 
total proposed budget for the Directorate. ^ ^ 

For academic scientists and engineers, we judge that 
the continuing education needs of faculty in research* 
oriented, graduate degree-grajpung^ institutions are 
considerably less acute than the needs of those in the 
two- and four-year col legjbs. Scientists in the former have 
extensive opportunities mr intellectuaf growth: research 
' conferences -departmental seminars., and large libraries 
.ar^ readily available. Teachers in -two- and four-year 
colleges, howev<5r,. face more difficulties They usually 
have considerably heavier teaching loads and con- 
sequently far less free time They lack opportunities to 
go to professional meetings, and have a much smaller 
cohort of colleagues with related interests The faculty in 
this setting need help in updating their information base,^ 
and 'in' keeping their courses and students in tune with 
mcKlern developments Our program plan deals with this 
college teacher problem directly in several ways- • 

The college faculty short courses expose college fac- 
ulty to new knowledge tn an intensive way. Fourteen 
regional centers "identify important science topics With* 



* V4 OM. ni)l shv)\vn in ihe table 
Teacher Development 



K designated lur Pre College 



the assistance of the AAAS, first rank scientific talent 
give three-day course^ at the regional centei^s. This pro- ** 
gram is of particular value to faculty from 2* and 4-y|p. 
colleges which do not hav§ active research programs^n, 
their <;ampuses. The funds requested would penmfJ40 
short courses for approximately '^3 ,500 college teachers* 
during the academic year I978--1979. 

In FY 1977, we coml^ined the National Needs Faculty 
Fellowships Program^and the Faculty Research Participa- 
tion Program into the Science Faotrfty Professional De-. 
velopmeiit Program. Both of the old programs were 
designed to do the ►same job — continue the education^of ^ 
college faculty. In the first,, the participants ^pent, up to a* 
year in academic institutions. In the second they^spent a 
short time in industry to help them prepare. students for 
industrial careers. Jn the combined program faculty njay 
choose either academia or industry for up to 12 ^onths. 
This year we have flOO proposals with about IO-J)ercent 
.of the applicants wanting to go to industry and 15 percent ' 
to government and other nonprofit laboratories.*^ 



We are engaged rfi other activities 'directed at the nnaintenance- 
of-quality problem that are not continuing education, per se, and so are 
not included m the foregoing budget ThesC include the Lixal Course 
Improvement program. Career Fa^litation Projects for Women, and 
National Needs Postdoctoral Fellowships. Local Course Improvement 
provides small (up to $25,000) grants to individual college and univer- 
sity leachers^o permit them to produce j>pecific changes in iheir 
imdergraduate scienc«^ instructional <;ourses and programs. While the 
pnmary objective i,s {production of improved instruction for under- 
graduate students, this type of activity by faculty members is believed 
to be a significant factor in the maintenance of their technical current- 
ness and professional vitality 

y/omen's Science Career Facilitation projects are Canned out by 
colleges dnd»universities. Participants m tbe projects are women who 
have received their' last degree, between 2 and \5 years earlier The 
objective is to factlitate their entry or reentry into science careers or 
graduate programs. 

NationarNeeds Post-doctoral Fellowships provide for up to one yeaf 
v»f research or advanced stud> to scientists ap(l engineers who have 
rtceiVed their doctorates within the last five years Such expenence*for 
recent doctora^Eientists amloigmeers has in the past been considered 
more a part onH| initial training than continuing education^ Howev- 
er, by providin^incentives for these individuals tp Rriove into emerging 
science and engineenng fields related to nalioriW needs, it is bdieved 
that acontnbution is made to the overall maintenance of the quality and 
diversity of tho national stock hf human ^sources in science and 
engineenng. The budget for these activities is 5 8 million , dollars. 



Continuing Educatioruin Science and Engineering 
Obligations by Pr<>grain Subelement 



,^ . Budget Current * ' . 

^Program . Actual KeqUest ^ * Plan Estimate Difference 

Subelement / • FY 1976 FY 1977 FY 1977 FY 1978. F,Y 19^(77 

College Faculty Shofl Courses $894,450 800,000 980,000 1,000,000 \ 20,000 

Science faculty Rrofcssional Development 2.562,660 2,200,000 2,200,000 2,500,000 300,000 

Resources Improvement (CAUSE) f, 000 ,000 1,000,000 1,100,000 1,450,000 350;000 - 

Research and Development in Continuing a ^ 

^ucalion for Scientists and Enfgincers 221 ,146 I ,OOOJM)0 / 1 ,200,000 1 ,500,00a 300,000 

I ^ \ ' 

Total • . $4,678,256 5,0^0,000 5^480,000 6*450,000* 970,000 
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The programs discu?5Mso far are designed to provide 
individual scientists and engineers with serVicls to pre- 
vent obsolescence Some of our inslitutionJ support 
programs, in addition, contain LonyhuingycduLalion 
elemehts Expe/iejice wiih the CAUS^'fVrrgrani shows 
that Some of the funds are used^for rcvitalization of the 
existing faculty Wt^ estimate that approximate!) 10 per- 
cent of 'the fund^^ailable in the program are used lor 
this purpose. ^ . ^ * 

We'now turn to the issue of lontmuing educaticln 
. support to help prevent professional obs^DlescenCe among 
scientists and engiijeersin industry In an earlier section 
of this report it wa/^rgued that it is not known at present 
* whether NSF-supported programs to deliver educational 
services to scientists and engineers in industry are war- 
rantedor would-be effective Accordingly, our plan is-to 
conduct research and development m FY 1978 to pfn' 
dov^n requirements, if^ny, and to explore and better 
define alternatives. Given the com(51exitieyof the situa- 
tion, we believe that new^ approaches ^o research are 
♦calied for In. this regard, the following quotation*' is 
ifistructive 

''Studies on' professional wbsolescence cover mainly 
• perceived needs of profe^Sf'onals (questionnaire 
studies), manpower planning "models (axiomaticj; ex- 
trapolation and forecasting of technological change, 
and time series of vocational interest The- need for tVie 
future will be. in my,opinion, ^>tudles on the process of- 
professional obsolescence within organizations, and in ■ 
our organizational society, the impact of this process 
on society Field studies arc required which hnk, mod- 
els, perceptions and technological reqjuirenicnisnvith 
behavior *' 

Among tHfe^psearch problems to be addressed are 
identificatipn of specific know^ledge and skills needed by 
particular kinds of fndustnah scientists and engineers, 
variations in obsolescence rales by field, the role 6f 
organizational climate and motivation in maintenance of 
vitality, and'the relationship of continuing p^uca^ion to 
job performance As-mdicated by the above quotation, 
we have found that surveys are not particularly useful for 
studies of organizational climate We are considering 
field studies to provide an integrated picture of context, 
motivatfln, and technical need. 

In developrnent, we plan to experiment with local or 
regional ci)llege-in^ustry collaboration effi)rts. These ef- 
forts will improve our understanding o[ how best to 
provide institutional programs needed by industrial per- 
sonnel. The experiments should generate a framework 
for faculty involvement in industrial problems Such an 
approach is consistent with the recommendations coo— 
tamed in NSF's recent report on rej»6arch in industry. 
The program plan for FY 1978 presented abqve will 
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build on pai.t and present- acfivitles m regard to contjjju- 
ing education Our 'research and development compo- 
nents are Wi)rthv of special note. The recently published 
M)licitalion for Research in Science Education (RISE) 
and guide for D^elopment m Science Education (DISE) 
both include con^iuing education as a target category 
Proposals in response to ^hese announcements will amve 
in April, 1977. We i^lan a content analysis of these 
.pmposals and vyill consider further action at that time» 
posj^iblv including Program SolicFtations in Continmng 
Hduoatipn . " " 

' Unemployment/Undereinployinent and Con- 
tinuing Education ^ ' ^ 

In an eafWer section » continuing education w^aS 'dis- 
cussed in>(erms of its possible value in overcoming or 
preventing obsolescence In this section, we consider the 
potential impact of Fe'derally- supported programs of con- / 
finuing education for unemployed or underemployed sci- 
entists and engineers, " , 

The rationale for continuing educatioli lil this sense 
generally stems from the measured unemploymenhwites 
and the estimated causes for ua©mployment, ,lf -un- 
employment ratds are relatively low and are thought to be 
derived more from the lack of demand rather than'struc- a 
tural sources, as seems to be the case now for scientists 
and engineers, tFieh retraming programs^^ire inapprppn- 
"are"" 

LTnempIoynient data from the Bureau of Labor Statis- 
tics inchoate that over ^e past decacie the rates fpr en- 
gineers have been varied i5etween l)i2. to 1/2 the u(i- 
employment rates of all workers. While\it is truejhat the > 
rates f»r enginee&s have irxereascd/atelVto 3 2 percent, it 
is still significantly le ss than half, th/ rate for the total 
^laj^r force (Figure 5) The,unemployment rate for scien- 
tS^s less than»2 percent. 

It was^pointed ,out earlier ip' this report that in 1985 
perhaps as many as 100,000 doctoral scientists and en- 
gineers in the U S economy will have difficulty find^ing^' 
jobs normally considered suitable to theirtraining: It is 
not expected that many of these people will be un- 
employed In fact» most analysts believe that advanced"^ 
training and degrees give individuals* an , edge in the 
overall job^market,^ and tbe uneffploymenrrates cited 
above tend to reipforce this. Between k973 anu 1975, the 
nuTnber of employed doctoral scientists and* engineefs 
increased by 16 percent The, most significant' change, in 
the employment pattern occurred it^ industry^ Wne're the 
number employed grew from ^50»000 to 66,00p, an in- 
crease of 32 perce'ijt." 

Tht^re, are indications that ^'credentialling*^ * — 
increasing educational prerequisites for^jobs— ^is occur- 
ring at all level's Whether the jobs themselves are 



" Science Resources Studies Highlights. NSF 76-326. National 
Science Foundation. 1976 

" M C Cdrey^/?(' w sed Oi ( upatumal Projei turns to 1 9ff5 . Monthly 
Labor Rpview, 1976. pp 10-22 
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Fl|bre S.— Unemiftoyment Ratw, 1963-75 
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- .'l963 'm^~ 1965 1966 1967 -1968', 1969 |97p 197J 197-2 1973 1974. 1975 

^ Through the *3rd Quarter. ^ \ - I . . 

SOURCE: Bureau of Labor Satirtics and Division of Science Resources Studics/STIA ^ _ 

changing in nature or content to be .cpmniAisurate with The question of ** continuing education** or retraining 
the prerequisite training "(educational upgrading) or of^uneniployed or undereniployed scientifie^^and techrii^ 
whether underutilization of skills is the c^ is difficult to . cal personnel for obtaining i\ew jobs urielate3"ta4heir^ 
"assess. NSF ha's a. study in process dealing with this, , prior employment is a complex one. As is shown by 
. .. • - previous experience ^reU-aining ^and trajusferal^ity are 

' 256^, _ ^^1;: ^'"^^ 



problem. We expect to have the results this fall. 
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not simple phenomena; mny factors are involved, Basic 
;to any retraining program are the obvious requirements 
that: ( I )'job openings be available. whict)^n turn requires 
a healthy and growing economy, and (2) prospective 
employers have a positive and constructive attitude to- 
wards rehiring personnel from.different areas or special- 
ties. 

A report f^repared for the National Science Fojuidation 
in 1975, summarizes some of the "special c'areer redirec- 
tion efforts" on behalf^f unemployetftrerospace workers 
in the following way. 



f 



)s 5nd < 



. "In the late 1960s 5l?a early 1970s, reductions* in ^ 
^ government aerospace procurement resulted in sub- * 
stantialJa}/^of|s of skilled blue-collar and white-collar 
employees! unemployment among engineers' went 
from 0.3 percent in 1967 to 3.0 percent irt 1971. 
About 60.000 engineers were then put of work One 
response was Ifie establishment of programs to refir 
new lines of work. Many of the programs were' con- 
ducted under the auspices of the Technology Mobiliza- 
tion and Reemployment Program. U.S Deparmient of 
Labor, which included counselling and mfoiwition, 
relocation assistance, an3"'retr:ainmg The ^abor d/- 
, partment claims, that 25,000 persons had been moved 
into new job$ through these programs by the end of 
1972. The experience therefore offers an interesting 
opportunity to appraise the' succesjr of schemes for 
, "hoping in>Aoluntary career chang||g, many ot.whom 
*Tall within the mid-life y^ars. We derived thejollow- 
ing lessons from this experience. 

^ Witb fevv exceptions, the prog^rams were 

' medioc.r<J'in overall pferformance. 

, ^ ' 

• The Quality of»the traming itself was low on the 
^'t .average.. It was sometimes assumed that the 
clients required little in the way of new technical 
* skills because aeraspace i^ffdustry skills were>^di- - 
rectly transferable tj)^ other mdustries and to pub- ' 
Mic sector projects. " , *• ' : ^ 

' • Thei-e was insufficient attention to*impartingi 
labor niarket knowledge -antf job-searching skills. - 
Private employment agehcies chose not to pro- * 
vide these services becauseNfhey were unable to . 
capture the private returns to these activities; and 
public employment agentie.s ^generally did. not 
provide them, public agencies traditionally scyrve 
a less-g^u(:ateU clientele wjth qualitatively differ- 
ent "j^searel\ requirenfients fro«i those of un-, 
employed aerospace professiorpli. ' ^ ^ 

, u • Employers in target' fields were particularly " 
resi.stant to hiring seniors- whont they^viewed ai 
technically obsolete,' inflexible as to salary and 



. " A" H Pascal. Evaluation of Polity Rcjaled 8«<;drch on Programs 
for ^id-Lifl| Career Re<}ircct"ion VoL t-«Exceotive Summary, 
R+l 582/1— NSl', 
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job conditions, and undependable .m the^sense 
^ that they wiere deemed likelyjjo try to return to 
aerospace should the marke^ck up. * .' 

• Those progrartis t)iat were judged successful 
tended to devote considetable efort to acquainting 
the job hunter with the reality of his prospects and 
to giving him an accurate understanding of what 
he might expect in terms of pay, status, -and 
♦ A Jocation, in his. alternative opportunities, 

^ I • Successful programs also/ tended tp de^vote , 
jconsiderable effort to' job finding and job place- 
'ment for their clients; they did hot concentrate' 
solely x)n unparting new technical skills. ' ' * ' 

* * * , 

The following cit^tion^frqn the Manpower. Report of^ 
the" President r\912, underscores Pascal's findings: 

"The feasibility of employing, former aerospace en- 
gmeers and scientists in professional j6ds in state and 
local government agencies is being tested in a second 
4)rogram. begun in early 1971 and conducted by fhe"^ 
National League of Cities and the U.S* Conferencje ol 
Mayors with support /rom the Departments of Labor 
and Housing and Urban Development. The nearly 400 
participants chosen from a/ vastly larger number, of 
/ applicants (7,000) have received 4 weeks ofintensive 
^ orientation in local government problen^s and proces-^* 
ses at either the University of Califomia at Berkeley or 
the Massachusetts Institute of Technology. Efforts to 
. find Appropriate job opportunities for the*participants 
have run into problems, however — ^t^luctance to relo- 
cate, the difficulty of explaining to both p^irticipants 
and employers the id^ a of transferability of skiUs, and,- 
above all, local gov^rpHt^nts' frequent lack of funds 
for hinng additional^personnel.". . - 

' ■ In 1-972-73,^ i'n a special. NSF-^ponsored study of the 
impact of Federal pollutioa^control and abatement ex- 
penditurespn manpower, thef Bureau of Labor Statistic^ 
examined the ex^ent,of skill transferability among fields 
of vyork for scientists and etibfneers,, and^jpecificaHy for 
ex-employees in aerospace a/d defense activities moviifg 
'm\o professional jobs in.polaition control and abateinent. 
'The following .highlights t* findings on thjs suoj&t:- 

"In-^the aerospaces andHiefense industries, respopdencs 
^ indicated that & f^ ndmber of sK,ills were tr^sferaftJe , 
^ut they^^aw little incentive to hiiring ex-^erospace qr * 

^ense orientetf workers since they^^r^ nof having 
prcvbldms in/j meeting their manpower requirements. 
OnlVm aaw(pandingTeconomy where potential or real 
manpi^wer. shortages exited prgssuse on th^ ^ 
efnpjoyer, did sk!ll't|"ansferability really enter. ihe pic- * 
ture Furthermore, as far as the employer was con- 
cerned, technofegy bore a datemark," $o there was^hot 
„ only a queslion of transferring a skilK l)ut'of updating 
a. basic -training. .^^ . : >. 

•♦However, many employei's raided serious questions 
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as 19 where, and how much, one cqulU retrain. ' .Gen- 
erally, retraining was more applicable, and easier, for 
engineers than for scientists, and m certain specialties. 
But, in no case was this ajnatter of simple brush-up or 
a few weeks', or months', work, in most cases it 
' meant going back to college and getting a graduate , 
degree in another specialty — a matter of 1 to 2 years 
work plus a substantial capital outlay in adciition to the 
earnings foregone in the interim 
'*Skill transferability does exist, but to be overly op- 
timistic on the prospects of quick retr^mihg and ab- 
sorption of professionals into new jobs of cbmpa©ble 
level in^the laBijr market is^nrealistic It mav appear 4 
negative to minimize the number of openings that may 
exist for the retrained professional, but it is unrealistic 
to encourage individuals to take up retraining^ 
considerable cost and effort and still not be able toJihoS 
suitable employment . " ^ 

Finally, it may be useful to cite the conclusions of 
several studies carried out in the 1960''s addressed to the 
question of obsolescence and retraining. Jn one study" 
of about 36 large companies where tuition refund pro- 
grams existed, it was found that '*most engineers and 



scientists were working towards master's degrees or 
were in noncre||it university programs designed to update • 
their knowledge and skills. Such efforts, however, do 
not affect the order ,of layoffs. While continuing educa-, 
tion may affect, internal promotions, there is no evidence 
from the R&D studies that it aids reemployment." Two 
^ separate studies" -of displaced professionals, both con- 
cluded that "on-tKe»job (OJT) training js considered by 
engineers and researchers to be the most useful form for 
retraining and transfer . . . followed by formal courses 
during working hours at the plantSite." 

To conclude, continuing education for the purposes oT 
dealing with unemployment/underemployment does not 
appear to be effective. This was one of the conditions we 
listed for Federal programs for industry. Support of re- 
training projects for unemployed scientific and technical 
personnel appears meaningful only where there is an as- 
surance that such training will lead to reemployment and 
particularly when there is assurance that society will 
support new kinds of employment opportunities for sci- 
entists and engineers. 



Norgren. Paul H .^bsulesi erne and Vpdating of Engineers and 
Scientists Skills^ Columbia Universily Seminar on Technology and 
Social Change. November 1961 



" Mooney. Joseph D . Displaced Engineers and Scientists: An 
Analysis of the Labor Market Adjustmer{t of Professional Personnel 
Cambndge, Massachusetts. MIT, !965 * * 

Ri Henhouse, Carl, The Transferability and Retraining of Defense 
irt^mcer J. Washington U.3 Arms Control and Disarmament Agency. 
November 1967 » 
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APPENDIX 



Public Meeting on Problems in Continuing Education 
Held at the National Science Foundation Science 
EducajUon Directorate December 13, 1976 



Summary: 

I. A. Fellowships for Non-Academic Personnel 

There was general opposkion to Fellowships for 
industrial worjcers except perhaps for local gov- ' 
emment, or small firm employees. The discus- 
sants felt that an unrestricted program would 
not reach those who could benefit most: They 
also suggested that an annual competition^ was 
too slow, and that quick'response was necessary 
to meet specific individual needs. 

B. Faculty Fellowships 

Major universities offer\pntinuing' education 
activities as part of their nonnal program of fac- 
ulty seminars, conferences, land routine inter- 
action among a critical nials of talented col- 
leagues. Faculty in non-research oriented uni- 
versities and colleges haVe heavier teaching 
^ loads and f^wer professional opportunities. 
They have greater needs and fewer oppor- 
tunities .to update or upgrade thejr knowledge. 
Tlie consultants felt that the industrial option of 
the Faculty Professional Development program 
would not be used by those who could best 
profit from it. ' ' 

C. College Faculty Obsolescence 

The panel supported an expanded scope of the 
short course program^ include non-academic 
topics and participants. \ 

' n. MOTIVATION, OBSTACLES TO PARTICIPA- 
TION: Many individuals do not believe that con- 
tinuing education provides a return commensurate 
with their persona! investment. Neither self-* 
* satisfaction nor employer recognition are guaran- 
. teed; even in companies that gi^e nominal support^ 

- ' to. such activities. Young employees participate 
disproportionately, indicating that veteran 
employees stop lookng beyond the boundaries of 
the corporatio>i for growth opportunities. Problems 
of logistics, credit, targeting of courses or ,pro- 
gram&» organizational cliniate and organizational 
payoff were also identified as barriers. 

m. MATERIALS DEVELOPMENT: The groups 
sceiped to oppose this in favor of courses oriented 
^to local needs. They felt adequate niateq^s were 
' available. They did note problems of dissemina- 



tion, and especially of matching the- needs of 
• employers, employees and local resources. • 

IV. PROGRAM DESIGN AND FURTHER STUDY: 
The participants called for needs assessment, eval- 
uation of existing programs, and studies of the dis^ 
incentives and barriers to continuing education. 
• They also emphasized the persistent (b4t not uni- 
versal) problem of the mismatch bletween academic 
training and industrial need^. ' 

PUBLIC MEETING ON PROBLEMS IN 
CONTINUING EDUCATION FOR 
SCIENTISTS AND ENGINEERS, 12/13/76 
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American Institute of Chemical Engineers 
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TENTATIVE AGENDA (REVISED) • 

• To^ obtain recommendations leading to a program 
plan for continuing education iq science and en- 
gineering relevant to thosfe employed in /K)st-sec- 
ondary academic institutions and in non-academic 
(primarily industrial) organizations. 

• To produce analytic back-up to justify- the plan"^^ 
terms of needs or problems addressed by the plan, 
the NSF role, and alternatives available. 

. > 

Friday Morning. Comments on the Six Commissioned 
Papers. 

This session is intended to orient the participants to the 
bigness at hand and to provide authors and NSF with 
some idea of additions, deletions and changes that might 
be needed with regard io the considerations raised iji the 
papers. 

Bach autho/ is asked t6 present a five-minute summary 
of his paper, following which there will be discussion ^f 
that paper in order to obtain <a) clarification o^ each 
paper, (b) extent of agreement or disagreement.regarding ' 
. the perspective and content of each paper, (c) identifica- 
tion of perspectives or problems not encompassed by the 
set of papers.^ 

> 

Friday Afternoon: Implications of the Recommendation 
in the Papers. 

This session is intended to sort out the yeconfi- 
mendations in the papers with reference to jw^at they 
Imply about nebdS and problems on the orte hand and 
prograrn options (in terms of costs, payoffs, etc.) on the • 
other, participants will be organized/intO th^e small 
groups for the first half of Ihe session with each smaU 
group reporting to the group ^ a whole during the 
second half of the session. 

This session will be orieirfed to the second purpose* 
listed above — specifically/the identification and raiding 
, of problems requirine/study or action. A list of the 
recpmmendations (iVabbreviated form) wHl be circu- 
lated. This list is imended to be suggestive only and not 
restrictive. The three groups will enumerate the problems 
in continuina/education being attacked by the recbm- 
mendation^n the list, as well as 'others the participants 
consider/important. (Note: Participants are asked not tb 
consid^ problems that may arise in carrying out the 
recommendations as this will come our of the SaturdaJ^ 
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morning discussion.) After" a break, the participants wiU^^ 
^reconvene Ut 3:30 to consider as a whole the. three prOD-' 
lem lists and consolidate them. The output' fropi this 
session is expected to be the participants' view^^ vyt>at 
are the pressing national problems in contir>Umg educa- 
tion in science and engineering. / ' 

Before recessing for the day on Friday, a'list of possi- 
^ ble options for programs, clusters ofactivities, and pro;^ 
jects will be distrit)uted as a basi^r Saturday momiri^s ' 
discussion. ^/ ^, . \ - * y 

.Saturday Morning: Pos^i^e "Program Responses and 
Priorities.- y ' 

° This session is intended to produce commendations 
leading to NSF^i^rogram responses iffcluding priorities. 

The Saturday morning sessioh^expected to generate 
a set of sfj^c^fic recommertd^^ions including projects, 
]clusters of activities, and M<{grams. 
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Proposal foKX Establishing a Commission on 
Continuing Education for ](^2ngineers and 
Scientists *^ 



Preamble . 

Continuing Education* is a very timely subject: ^ 

1. societal values/priorities are moving slowly but 
surely toward realization of life-long learning: 

2 the theoretical and empirical bases for continuing • 
education arc being developed in related areas 
such as life and pareer planning*, and under 
standing the complex process of professional 
growth and development for individuals (there 
is much. oP course, we don't kilow); 

3. there is high interest and growing support of con 

''tinuing education from employers. 

4. legislative attention is growing (e.g. .• Kennedy - 

Bill. Monaale Bill. etc.): ' 

5. professional societies, universities, entrepreneurs 

and other such purveyors of continuing educa- 
tion ait trying to serve continuing education 
needs: 

6. 'and you could name other such Ridicators of time* 

liness. ^ 

There seems to be, however, ^at least one iftiportant 
missing element as we look to the future jmpact of con- 
tinuing educa'lipn on ou^ society. 

I would.guess that the National Science Foundation is 
^nsing that missing element, namely a comprehensive. • 
int^ghited national approach to continuing education that 
will encourage, guide and support the wide variety of 
individuals and organizations wiiict\ have an important 
stake in how effectively cfontinuing education will eVolve 
during the next decade. 

NSF is to be congratulated for the lead^c^hip it has 
exhibited thus far; 



ader^iip 



^ProposaJ^ ^ - 

To ensure that the gatheiSng CE momentum is not lost 



^ • The pfccisc definition of CT)ntmuinjg F-ducation requires attcntii^n 
as part of Ilcm'No. I m ihc purposes of the Commission It is inlcndcd. 
however, to recognise thai Continuing lulucaiion. however defined, is 
an element m a complex^ process pf professional and carbcf growth that 
takes place withm the total context of life, including work itself!. 



'and that the CE direction is carefully set, I would suggest 
the following: 

That NSF establish a Commission on Continuing Edu- 
cation for Engineers and Scientists for a pcrio<J of 
years to. " ^ 

^ develop a national continuing education strategy;. 

Note: the iterative process for developing a strat- 
egy includes an evaluation of the envirq;iment, na- 
tional need.s\ current and potential resources, 
stakeholders, iiltemative approaches and objectives. 

2. promulgate the strategy to organizations and indi- 
viduals throughout our society and to encour- 
age them to accept, devetop and implement 
their role in that* strategy; 

\ 3. suppgrt organizations and individual^ in undertak- 
ing key CE.projects as*a means for continually 
updating and evolving the strategy and its im- 
plementation; ^ • ^ 

" 4. support organizations and incffv^uals in undert^- 
ing key CE projects forexpenmental purpq^ps; 

5. support organizations apd individuals in di^ prep:: 

aration and devajopment of CE materials, 
techniques, systems, elcl, having potential 
wide application and usefulness; 

6. support and/or conduct a{$ropriate conferences, 

. short courses, workshops, etc.; and 

7. adxjse NSF, the Congress, and others in matters re- 

lating to continuing education. ' 

Note: Items are not intended to be cariied out 
sequentially. 

The part-time Commission should be comprised of di- 
verse individuals inchiding representatives of the foHow- 
in&: / \ 

• employers (industry, government, etc.); 

• purveyors (universities, entrepreneurs, **in-house" 

. industrial/governmental educators, etc.); ~~ 

• professional societies; 

^ • specialists (psychologists, educators, ^tc); 

• professionals (engineers, scientists^* faculty, etc.); 
et al. / 

The Commission should aJso have some full-time staff 
to provide continuity for the total effort and* support to 
l^e ''part-time" Commission members! ' ' 

How the « Commission specifically relates to 5JSF is 
best developed by the NSF staff who are experts in such 
orgariizational^'and fiscal matters: 
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A Proposal for a National Commission on 
^ Continuing Education 

Early in the Saturday morning session a proposal was * 
offered by one of the participants, Lindon Saline, for 
establishing a ^/Commission on Continuing Education 
for Scientists'and Engineers." This idea was discuss'ed 
both at the meeting and through later written comments . 
received' from ii\dividual conference participants. What 
follows is a summary, prepared by Foundation staff, of 
the response s to t he piari for a commission. , • 

At the nfeetin^ all participants endorsed the general 
idea of a commission either explicitly ot implicitly In the- 
sense that no dissenting views were expressed. Sub- 
sequently, 15 persons provided written elaboration of 
their views. The written responses, in addition to sup-- 
porting-the notion of sucKan organization, discussed jthe 
following topics: . 

A. The need for a Commission or the Rationale for 
its Establishment. 

1. Such an entity could provide coordination and 

focus to an unorganizecl, decentralized and 
fragmented' set of activities. Interest and in- 
^ , vestment in continuing education and/or con- 
tinuing professional development has grown 
remarkably but unsystematically during recent 
years. 

2. Continuing edivcation and/or continuing profes- j 

sion^l development are essential to maintaining / 
productivity. This requires the status and public 
attention that a commission would provide. 

3. A theoretical and empirical j)ase of knowledge is 

being 'developed regarding the factors which . 
influence professional productivity (and its ob- ^ 
• ^ verse, professional obsolescence);- tJ\is provides 
a timely opportunity for progress. . • 

4. A comprehensive understanding of the totality of 

problems and processes of professional de- 
velopment could 'be provided by a tenriporary 
commission. • * 



< 5. Demonstrated legislative interest at both the na- 
tional level (Kenne(\y bill, Mondale bill) and 
State level. 
/ f 

B. The Commission's Purpose 

1 . To develop an awareness of the importance of im- 

provement of technical vitality through continu- 
ing education as a national need. 

2. To develop a national continuing education strate- 

gy.* This would involve alliterative process \ 
including the evaluation of the environment, 
assessment of need, current and potential re- 
sources, stakeholders, alternative approaches 
^ and objectives. 

3. To generate and disseminate information regarding 

continuing education and/or continuing profes- 
sional development. 

4. To support, using NSF-provided resources, ex- 

perimental activities in continuing education. 

C. The Organization of the Commission 

1. To be parttime.and comprised of 10-20 individu- 

als representing -employers, purveyors of* con- 
tinuing education, professional societies, pro- 
fessional scientists and engineers and special- 
ists such as^educational or developmental 
psychologists; and 

2. To have a small full-time professional staff, 

D. The Commission's Name 

1. To emphasize the process of continuing education 

per se, or 

2. to ejnphasize the larger notion of c6ntinuing pro- 

Tessional developmem, 

C. Evaluation of the Commission's Work. ^ ; 

1 . Provide for yearly external evaluatiqn of the com- 
mission's activities. 

« U. S GOVERNMENT PRINTING OFFICE • 1978 265-9U/6186 
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